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@ Protocols

Measurements taken at Soil Characterization Sites:
top and bottom depths for each horizon in the soil profile
structure, color, consistence, texture, and amounts of rocks, roots, and
carbonates
bulk density, particle density, particle size distribution, pH, and fertility
(N, P, K) of samples taken from each horizon
Measurements taken at Soil Moisture or Atmosphere Sites:
soil moisture during two annual campaigns, 12 times per year, or
monitored
soil temperature, daily or weekly, with diurnal variation 2 days every 3
months or monitored every 15 minutes

Suggested Sequence of Activities

Read the Introduction.

Read the Protocols to learn precisely what is to be measured and how.

Choose any Learning Activities that might support the Protocols.

Make copies of the Data Sheets in the Appendix.

Perform the Soil Characterization Protocols.

Perform the Soil Temperature Protocol.

Perform the Gravimetric Soil Moisture Protocol.

Perform the Bulk Density, Soil Particle Density, Particle Size Distribution, Soil pH,
and Soil Fertility Protocols.

Visit the GLOBE Web site with your students and review the data submission
pages for Soils.

Submit your data to the GLOBE Student Data Server using the Web or email.

\T/ Special Notes

If you choose to dig a soil pit, you may require help with digging.
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Tahle of Gontents

Introduction
Why Investigate SOilS? ... Introduction 1
The Big PICHUIe ... Introduction 2
GLOBE Measurements .........cceevevevenereerereeenesssenennns Introduction 9
Individual Measurements ...........ccooeveeeveereceerrecsneennnns Introduction 9
Protocols

Selecting, Exposing and Describing a Soil Characterization Site
Soil Characterization Protocol

Soil Temperature Protocol

Gravimetric Soil Moisture Protocol

Bulk Density Protocol

Soil Particle Density Protocol

Particle Size Distribution Protocol

Soil pH Protocol

Soil Fertility Protocol

Digital Multi-Day Max/Min/Current Air and Soil Temperature Protocol
(see Atmosphere Chapter)

Optional Digital Multi-Day Soil Temperatures Protocol*

Optional Automated Soil and Air Temperature Monitoring Protocol*
Optional Soil Moisture Sensor Protocol*

Optional Water Infiltration Protocol*

Optional Davis Soil Moisture and Temperature Station Protocol*

Learning Activities
Why do We Study Soil?*
Just Passing Through - Beginners
Just Passing Through
From Mud Pies to Bricks*
Soil and my Backyard*
A Field View of Soil - Digging Around*
Soil as Sponges: How Much Water Does Soil Hold?*
Soil: The Great Decomposer*
The Data Game*

* See the full e-guide version of the Teacher’s Guide available on the GLOBE Web site and CD-ROM.
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Soil Characterization Site Definition Sheet .................... Appendix 2
Soil Characterization Data Sheet.........ccccoooeveverveceennne Appendix 3
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Soil Moisture Data Sheet — Depth Profile....................... Appendix 9
Bulk Density Data Sheet.............ccccovvevvnenerenireirenn, Appendix 10
Soil Particle Density Data Sheet ............ccccocvevvcnennce. Appendix 11
Soil Particle Size Distribution Data Sheet ...................... Appendix 12
Soil pH Data Sheet............coocrcnenncrencrcecscenes Appendix 13
Soil Fertility Data Sheet...........cooovvevvneneerererenee Appendix 14
Textural THANGIE ... Appendix 15
GIOSSATY .ottt ssaeene Appendix 16
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Soils are one of Earth’s essential natural resources,
yet they are often taken for granted. Most people
do not realize they are a living, breathing world
supporting nearly all terrestrial life. Soils and their
function within an ecosystem vary greatly from
one location to another as a result of many factors,
including differences in climate, the parent
material of the soil, and the location of the soil on
the landscape.

Scientists, engineers, farmers, developers and
other professionals consider a soil’s physical and
chemical characteristics, moisture content and
temperature to make decisions such as:

e Where is the best place to build a
building?

* What types of crops will grow best in a
particular field?

» Will the basement of a house flood when
it rains?

* What is the quality of the groundwater in
the area?

Using the data collected in the GLOBE Soil
Investigation, students help scientists describe soils
and understand how they function. They
determine how soils change and the ways they
affect other parts of the ecosystem, such as the
climate, vegetation, and hydrology. Information
about soils is integrated with data from the other
GLOBE protocol investigations to gain a better
view of Earth as a system.

Why Investigate Soils?

Soils develop on top of Earth’s land surface as a
thin layer, known as the pedosphere. This thin layer
is a precious natural resource and so deeply affects
every part of the ecosystem that it is often called
the “great integrator.” For example, Soils hold
nutrients and water for plants and animals. They
filter and clean water that passes through them.
They can change the chemistry of water and the
amount that recharges the groundwater or returns
to the atmosphere to form rain. The foods we eat
and most of the materials we use for paper,

buildings, and clothing are dependent on soils.
They play an important role in the amount and
types of gases in the atmosphere. They store and
transfer heat, affecting the temperature of the
atmosphere and controlling the activities of plants
and other organisms living in the soils. By studying
these functions, students and scientists learn to
interpret a site’s climate, geology, vegetation,
hydrology, and human history. They begin to
understand soil as an important component of
every ecosystem on Earth.

Scientists Need GLOBE Data

The data students collect through the GLOBE soil
measurements are invaluable to scientists in many
fields. Soil scientists use the data to better
understand how soils form, how they should be
managed, and what their potential is for plant
growth. Hydrologists use the data to determine
water movement through a soil and a watershed
and the effect of soils on water chemistry. They
also examine the effects of different types of soil
on the sedimentation in rivers and lakes.
Climatologists use soil data in climate prediction
models. Atmospheric scientists want to know the
effect of soils on humidity, temperature, reflected
light, and fluxes of gases such as CO, and
methane. Biologists examine the properties of soil
to understand its potential for supporting plant
and animal life. Finally, anthropologists study the
soil in order to reconstruct the human history of
an area.

When data are available for many areas of the
World, scientists study the spatial patterns of soil
properties. When a full set of GLOBE atmosphere,
hydrology, land cover and soils data exists at a
specific site, scientists use the information to run
computer simulation models to understand how
the whole ecosystem functions and to make
predictions about what the ecosystem will be like
in the future.
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The Big Picture

Soil Composition
Soils are composed of four main components:

e Minerals of different sizes.

» Organic materials from the remains of

dead plants and animals.

* Water that fills open pore spaces.

o Air that fills open pore spaces.
The use and function of a soil depends on the
amount of each component. For example, a good
soil for growing agricultural plants has about 45%
minerals, 5% organic matter, 25% air, and 25%
water. Plants that live in wetlands require more water
and less air. Soils used as raw material for bricks
need to be completely free of organic matter.

The Five Soil Forming Factors

The properties of a soil at any given time are the
outcome of Five Soil Forming Factors. They are:

1. Parent Material: The material from which
the soil is formed determines many of its
properties. The parent material of a soil
may be bedrock, organic material,
construction material, or loose soil
material deposited by wind, water,
glaciers, volcanoes, or moved down a
slope by gravity.

2. Climate: Heat, rain, ice, snow, wind,
sunshine, and other environmental forces
break down parent material, move loose
soil material, determine the animals and
plants able to survive at a location, and
affect the rates of soil forming processes
and the resulting soil properties.

3. Organisms: The soil is home to large
numbers of plants, animals, and
microorganisms. The physical and
chemical properties of a soil determine the
type and number of organisms that can
survive and thrive in that soil. Organisms
shape the soil they live in. For example,
the growth of roots and the movement of
animals and microorganisms shift
materials and chemicals around in the soil
profile. The dead remains of soil
organisms become organic matter that
enriches the soil with carbon and

nutrients. Animals and microorganisms
living in the soil control the rates of
decomposition for organic and waste
materials. Organisms in the soil contribute
to the exchange of gases such as carbon
dioxide, oxygen, and nitrogen between the
soil and the atmosphere. They also help
the soil filter impurities in water. Human
actions transform the soil as well, as we
farm, build, dam, dig, process, transport,
and dispose of waste.

4. Topography: The location of a soil on a
landscape also affects its formation and its
resulting properties. For example, soils at
the bottom of a hill will get more water
than soils on the hillside, and soils on
slopes that get direct sunlight will be drier
than soils on slopes that do not.

5. Time: The amount of time the
combinations of factors listed above have
been interacting with each other affects
the properties of the soil. Some properties,
such as temperature and moisture content,
change quickly, often over minutes and
hours. Others, such as mineral changes,
occur very slowly over hundreds or
thousands of years. Figure Soil-I-1 lists
different soil properties and the time it
takes for them to change.

Soil Profiles

The five soil-forming factors differ from place to
place causing soil properties to vary from one
location to another. Each segment of soil on a
landscape has a unique character. A vertical
section of any one segment is called a soil profile.
When we look closely at the properties of a soil
profile and consider the five soil forming factors,
the story of the soil at that site and the formation
of the area is revealed.

The chapters of the soil story are read in the layers
of the soil profile. These layers are known as
horizons. Soil horizons can be as thin as a few
millimeters or thicker than a meter. Individual
horizons are identified by the properties they
contain that are different from the horizons above
and below them. Some soil horizons are formed
as a result of the weathering of minerals and
decomposition of organic materials that move
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Figure SOIL-I-1

Soil Properties That Change Over Time

Properties that change over
minutes or hours

Properties that change
over months or years

Properties that change over
hundreds and thousands of
years

Temperature
Moisture content
Local composition of air

Soil pH
Soil color

Soil fertility

plants

Soil structure
Bulk density
Soil organic matter

Microorganisms, animals,

Mineral content

Particle size distribution
Horizons

Particle density

down the soil profile over time. This movement,
called illuviation, influences the horizon’s
composition and properties. Other horizons may
be formed by the disturbance of the soil profile
from erosion, deposition, or biological activity.
Soils may also have been altered by human activity.
For example, builders compact soil, change its
composition, move soil from one location to
another, or replace horizons in a different order
from their original formation.

Figure SOIL-I-2: Soil Profile
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Moisture in the Soil

Moisture plays a major role in the chemical,
biological and physical activities that take place
in the soil. Chemically, moisture transports
substances through the profile. This affects soil
properties such as color and texture. Biologically,
moisture determines the types of plants that grow
in the soil and affects the way the roots are
distributed. For example, in desert areas where
soils are dry, plants such as cacti must store water
or send roots deep into the soil to tap water buried
tens of meters below the surface. Plants in tropical
regions have many of their roots near the surface
where organic material stores much of the water
and nutrients the plants need. Agricultural plants
grow best in soils where water occupies
approximately one-fourth of the soil volume as
vapor, liquid or ice. Physically, soil moisture is
part of the hydrologic cycle. Water falls on the
soil surface as precipitation. This water seeps
down into the soil in a process called infiltration.
After water infiltrates the soil, it is stored in the
horizons, taken up by plants, moved upward by
evaporation, or moved downward into the
underlying bedrock to become ground water. The
amount of moisture contained in a soil can change
rapidly, sometimes increasing within minutes or
hours. In contrast, it might take weeks or months
for soils to dry out. If a soil horizon is compacted,
has very small pore spaces, or is saturated with
water, infiltration will occur slowly, increasing the
potential for flooding in an area. If the water
cannot move down into the soil fast enough, it

\ uonpnpo.u| /
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will flow over the surface as runoff and may rapidly
end up in streams or other water bodies. When
the soil is not covered by vegetation and the slope
of the land is steep, water erosion occurs. Deep
scars are formed in the landscape as a result of
the combined force of the runoff water and soil
particles flowing over the surface. When a soil
horizon is dry, or has large pore spaces that are
similar in size to the horizon above, water will
infiltrate the horizon quickly. If the soil gets too
dry and is not covered by vegetation, wind erosion
may occur.

Soil Temperature

The temperature of a soil can change quickly. Near
the surface, it changes almost as quickly as the air
temperature changes, but because soil is denser
than air, its temperature variations are less. Daily
and annual cycles of soil temperature can be
measured. During a typical day, the soil is cool in
the morning, warms during the afternoon, and
then cools down again at night. Over the course
of the year, the soil warms up or cools down with
the seasons. Because soil temperature changes
more slowly than air temperature, it acts as an
insulator, protecting soil organisms from the
extremes of atmospheric temperature variations.
In temperate regions, the surface soil may freeze
in winter and thaw in the spring, while in some
colder climates, a permanent layer of ice, called
permafrost, is found below the soil surface. In
either case, the ground never freezes below a
certain depth. The overlying soil acts as insulation
so that the temperature of the deeper layers of
soil is almost constant throughout the year.
Temperature greatly affects the chemical and
biological activity in the soil. Generally, the
warmer the soil, the greater the biological activity
of microorganisms living in the soil.
Microorganisms in warm tropical soils break down
organic materials much faster than
microorganisms in cold climate soils. Near the
surface, the temperature and moisture of the soil
affect the atmosphere as heat and water vapor are
exchanged between the land and the air. These
effects are smaller than those at the surfaces of
oceans, seas, and large lakes, but can significantly
influence local weather conditions. Hurricanes

have been found to intensify when they pass over
soil that is saturated with water. Meteorologists
have found that their forecasts can be improved
if they factor soil temperature and moisture into
their calculations.

Soils Around the World

Following are examples of six different soil profiles
and landscapes. See Figures SOIL-I-4 through 1-9.
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Figure SOIL-I-3

Air and Soil Temperatures for one week
35

Temperature (degrees C)
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These soils are common in the mid-western USA, and in the
grasslands of Argentina and Ukraine. They are usually deep and
dark in color, and are among the best soils for growing crops.
Their dark color is caused by many years of grass roots dying,
decomposing, and building up the organic matter content that
allows the soil to hold the water and nutrients needed for
excellent plant growth.

ussia, near the city of Magadan

Most of the organic matter in this soil comes from the leaves and roots of
coniferous trees that die and decompose near the surface. When this
decomposed organic matter mixes with rain, acids form that leach, or
remove, materials from the top horizons of the soil. The white layer you
see below the dark surface layer was caused by organic acids that removed
the nutrients, organics, clays, iron, and other materials in the layer and
left behind soil particles that are only mineral in composition. Below this
horizon is a dark horizon that contains materials that were leached from
the horizon above and deposited or illuviated. This horizon has a dark color because of the organic matter deposited there.
The next horizon has a red color due to iron oxide brought in from the horizon above and coating the soil particles. The
horizon below this one has fewer or different types of iron oxides coating the inorganic soil particles creating a yellow
color. The lowest horizon in the profile is the original parent material from which the soil formed. At this site, the parent
material is a sandy deposit from glaciers. At one time, the whole soil looked like this bottom horizon, but over time, soil-
forming processes changed its properties.
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Notice the bright red colors and the depth to which the soil is
uniform. It is very difficult to distinguish unique horizons. Hot
temperatures and lots of rain help to form weathered soils like
this. In tropical climates, organic matter decomposes very quickly
and transforms into inactive material that binds with clay. Most of
the nutrients have been leached from this soil by intense rainfall.
Left behind are weathered minerals coated by iron oxides giving
the soil its bright red color.

Figure SOIL-I-7: Soil formed under a very cold climate near Inuvik in the Northwest Territory

S

The “hummocky” or wavy surface of this soil is caused by freezing and thawing of water stored in the soil year after
year. The black zones indicate places where organic materials have accumulated during freezing and thawing cycles.
The process of freezing and thawing and churning of the soil is called cryoturbation. This soil is not very developed and
has only slight indications of horizons that can be seen by faint color differences. At the bottom of the profile is a layer
called permafrost, which consists of ice, soil, or a mixture of both. The permafrost layer stays below 0°C throughout the
year. The dark, thick organic material in this soil accumulates because decomposition is very slow in cold climates.
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Figure SOIL-I-8: Soil formed under very dry or arid conditions in New Mexico, USA

Alight brown horizon at the surface is often found in environments
where organic matter is limited. High amounts of organic matter
form dark soils. In dry places, organic matter is not returned to
the soil because very little vegetation grows there. When rainfall
does occur in this environment, the sandy texture of the soils allow
materials to be carried downward into the lower horizons of the
profile. The white streaks near the bottom of this profile are formed
from deposits of calcium carbonate that can become very hard as
they accumulate over time.

Figure SOIL-I-9: Wet soil sampled in Louisiana, USA

Wet soils are found in many parts of the world. The surface
horizon is usually dark because organic matter accumulates
when the soil is saturated with water. When these
conditions occur, there is not enough oxygen for organisms
to decompose the organic material. Colors of the lower
horizon are usually grayish. Sometimes, as in this picture,
the gray soil color has orange or brown streaks within it,
which are called mottles. The gray colors indicate that the
soil was wet for a long period of time, while the mottles
show us where some oxygen was present in the soil.

Dr. John Kimble and Sharon Waltman of the USDA Natural
Resources Conservation Service, National Soil Survey Center, Lincoln,
Nebraska provided the photographs shown here.
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GLOBE Measurements

What measurements are taken?

GLOBE advocates two sets of soil measurements.
The first set, known as the Soil Characterization,
describes the physical and chemical characteristics
of each horizon in a soil profile. Some Soil
Characterization measurements are carried out in
the field, while others are done in a laboratory or
classroom. Soil Characterization measurements are
carried out one time for an identified site. The
second set, known as Soil Moisture and
Temperature, measures the water and temperature
properties of soil at specified depths. These
measurements are carried out repeatedly and
compared to air temperature and precipitation,
measurements of the Atmosphere Investigation.

Soil Characterization Measurements
Carried Out in the Field

* Site Description

* Horizon Depths

e Soil Structure

e Soil Color

e Soil Consistence

e Soil Texture

e Roots

e Rocks

e Carbonates
Carried out in the Classroom or Lab*

* Bulk Density

e Particle Density

e Particle Size Distribution

. pH

* Soil Fertility (N, P, K)
Soil Moisture and Temperature
Measurements
Carried out in the Field

 Soil Temperature
* Soil Moisture Monitoring

Carried out in the Classroom or Lab*

e Gravimetric Soil Moisture

* Lab measurements use samples collected in the field.

Individual Measurements

Soil Characterization

At a soil site, horizons in a soil profile are
distinguished from one another by differences in their
structure, color, consistence, texture, and the amount
of roots, rocks, and free carbonates they contain.
Laboratory or classroom analyses of bulk density,
particle density, particle size distribution, pH, and
soil fertility also reveal differences among horizons.

Structure

Structure refers to the natural shape of aggregates
of soil particles, called peds, in the soil. The soil
structure provides information about the size and
shape of pore spaces in the soil through which
water, heat, and air flow, and in which plant roots
grow. Soil ped structure is described as granular,
blocky, prismatic, columnar, or platy. If the soil lacks
structure, it is described as either single-grained
or massive.

Color

The color of soil is determined by the chemical
coatings on soil particles, the amount of organic
matter in the soil, and the moisture content of
the soil. For example, soil color tends to be darker
when organic matter is present. Minerals, such as
iron, can create shades of red and yellow on the
surface of soil particles. Soil in dry areas may
appear white due to coatings of calcium carbonate
on the soil particles. Soil color is also affected by
moisture content. The amount of moisture
contained in the soil depends on how long the
soil has been freely draining or whether it is
saturated with water. Typically, the greater the
moisture content of a soil, the darker its color.

Consistence

Consistence describes the firmness of the
individual peds and the degree to which they
break apart. The terms used to describe soil
consistence are loose, friable, firm, and extra-firm.
A soil with firm consistence will be harder for
roots, shovels, or plows to move through than a
soil with a friable consistence.

Texture

The texture describes how a soil feels and is
determined by the amounts of sand, silt, and clay
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particles present in the soil sample. The soil
texture influences how much water, heat, and
nutrients will be stored in the soil profile. Human
hands are sensitive to the difference in size of soil
particles. Sand is the largest particle size group, and
feels gritty. Silt is the next particle size group, and
feels smooth or floury. Clay is the smallest particle
size group and feels sticky and is hard to squeeze.
The actual amount of sand, silt, and clay size particles
in a soil sample is called the particle size distribution
and is measured in a laboratory or classroom.

Roots

An estimate of the roots in each horizon in a soil
profile illustrates the depth to which roots go to
obtain nutrients and water. The more roots found

Figure SOIL-I-10

Sand
2.00-0.05 mm

Silt
® 0.05-0.002 mm

Clay
<0.002 mm

The relative (not the actual) size of sand, silt, and clay particles.

in a horizon, the more water and nutrients being
removed from the soil, and the more organic
matter being returned. Knowing the amount of
roots in each horizon allows scientists to estimate
the soil’s fertility, bulk density, water holding
capacity, and its depth. For example, a very
compact horizon will inhibit root development
whereas a porous horizon will not.

Rocks

An estimate of the number of rocks in each
horizon helps to understand the movement of
water, heat, and air through the soil, root growth,
and the amount of soil material involved in
chemical and physical reactions.

Soil particles greater than 2 mm in size are
considered to be rocks.

Carbonates

Carbonates of calcium or other elements accumulate
in areas where there is little weathering from water.
The presence of carbonates in soil may indicate a
dry climate or a particular type of parent material
rich in calcium, such as limestone. Free carbonates
often coat soil particles in soils that are basic (i.e.,
pH greater than 7). These soils are common in arid
or semi-arid climates. Carbonates are usually white
in color and can be scratched easily with a
fingernail. Sometimes in dry climates, carbonates
form a hard and dense horizon similar to cement,
and plant roots cannot grow through it. To test for
carbonates, an acid, such as vinegar, is squirted on
the soil. If carbonates are present, there will be a
chemical reaction between the vinegar (an acid) and
the carbonates (a base) to produce carbon dioxide.
When carbon dioxide is produced, the vinegar
bubbles or effervesces. The more carbonates present,
the more bubbles or effervescence occurs.

Bulk Density

Soil bulk density is a measure of how tightly packed
or dense the soil is and is measured by the mass of
dry soil in a unit of volume (g/cm’). Soil bulk
density depends on the composition of the soil,
structure of the soil peds, the distribution of the
sand, silt, and clay particles, the volume of pore
space, and how tightly the particles are packed. Soils
made of minerals (sand, silt, and clay) will have a
different bulk density than soils made of organic
material. In general, the bulk density of soils ranges
from 0.5 g/cm’ in soils with many spaces, to as high
as 2.0 g/cm’ or greater in very compact mineral
horizons.

Knowing the bulk density of a soil is important for
many reasons. Bulk density indicates how tightly
soil particles are packed and the ease with which
roots can grow through soil horizons. Bulk density
is also used when converting between mass and
volume for a soil sample. If the mass of a soil sample
is known, its volume is calculated by dividing the
sample mass by the bulk density of the soil. If the
volume of a soil sample is known, the mass is
calculated by multiplying the sample volume by
the bulk density of the soil.

GLOBE" 2003
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Particle Density

The particle density of a soil sample is the mass of
dry soil in a particular volume of the soil when all
of the air spaces have been removed. The type of
minerals the soil particles are made of affects the
particle density. Soils consisting of pure quartz
particles generally have a particle density of 2.65
g/cm’. Soils consisting of particles made of
minerals other than quartz will have a different
mass for the same volume of particles. By knowing
both the particle density and the bulk density, the
porosity (the proportion of the soil volume that is
pore space) can be calculated. Porosity establishes
the amount of air or water that can be stored or
moved through the soil.

Patrticle Size Distribution

The proportion of each particle size group (sand,
silt, or clay) in the soil is called the soil particle-
size distribution. Sand is the largest soil particle,
silt is intermediate in size, and clay is the smallest.
The particle-size distribution of a soil sample
determines its exact textural class (which is
“estimated” in the field by doing the Soil Texture
Protocol). Tt also helps determine how much water,
heat, and nutrients the soil will hold, how fast
water and heat will move through the soil, and
the structure and consistence of the soil.

The amount of sand, silt, and clay in a soil sample
is determined by a settling method using an

instrument called a hydrometer. A dried sample of
soil is suspended in water and allowed to settle.
The largest particles (sand) settle out in minutes
while the smallest particles (clay) stay suspended
for days. A hydrometer is used to measure the
specific gravity of the soil suspension after settling
has proceeded for specific amounts of time. See
Figure SOIL-I-11.

pH

The pH of a soil horizon (how acidic or basic the
soil is) is determined by the parent material from
which the soil is formed, the chemical nature of
the rain or other water entering the soil, land
management practices, and the activities of
organisms (plants, animals, and microorganisms)
living in the soil. Just like the pH of water, the pH
of soil is measured on a logarithmic scale (see the
Introduction of the Hydrology Investigation for a
description of pH). Soil pH is an indication of the
soil’s chemistry and fertility. The activity of the
chemical substances in the soil affect the pH levels.
Different plants grow at different pH values.
Farmers sometimes add materials to the soil to
change its pH depending on the types of plants
they want to grow. The pH of the soil also affects
the pH of ground water or nearby water bodies
such as streams or lakes.

SOIL-I-11: A Comparison of Bulk Density and Particle Density

Pore|Space
Mixture of
Volume air, water,
for Bulk minerals and Volume
Density organic matter for Particle
Density -

Bulk Density is a measure of the mass of all the solids in a unit volume of soil including all the pore space filled

by air and water. If the volume were compressed so that there were no pore spaces left for air or water, the mass

of the particles divided by the volume they occupy would be the particle density.
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Fertility

The fertility of a soil is determined by the amount
of nutrients it contains. Nitrogen (N), phosphorus
(P), and potassium (K) are three of the most
important nutrients needed by plants for optimum
plant growth. Each horizon in a soil profile can
be tested for the presence of these nutrients. The
results of these measurements help to determine
the suitability of a soil for growing plants. Soil fertility
can be related to water chemistry measurements
carried out in the Hydrology Investigation.

Soil Moisture

Soil moisture, also known as Soil Water Content
(SWCQ), is a ratio of the mass of water contained
in a soil sample to the mass of dry matter in that
sample. This ratio typically ranges from 0.05 g/g
to 0.50 g/g. Only extremely dry soils that retain a
small amount of water, such as those in a desert,
have values below 0.05 g/g. Only organic-rich
soils, peat or some clays absorb large amounts of
water and have values above 0.50 g/g. The soil
moisture measurement helps to define the role of
the soil in the surrounding ecosystem. For
example, soil moisture measurements reveal the
ability of the soil to hold or transmit water,
affecting groundwater recharge, surface runoff,
and transpiration and evaporation of water into
the atmosphere. It also describes the ability of the
soil to provide nutrients and water to plants,
affecting their growth and survival.

Soil Temperature

Soil acts as an insulator for heat flowing between
the material below the soil and the atmosphere.
Thus, soil temperatures can be relatively cool in
the summer or relatively warm in the winter. These
soil temperature variations affect plant growth, the
timing of bud-burst or leaf fall, and the rate of
decomposition of organic materials.

Soil temperatures typically have a smaller daily
range than air temperatures and deeper soil
temperatures usually vary less. Soil temperature
extremes range from 50° C for near-surface
summer desert soils (warmer than the maximum
air temperature!) to values below freezing in high
latitude or high elevation soils in the winter.

Soil Study Site Selection

Soil study sites for carrying out soil characterization
measurements and soil moisture and temperature
measurements should be carefully selected.

For soil characterization measurements, a site
should be considered that allows students to dig a
hole with either a shovel or an auger. The purpose
is to expose a soil profile that is one meter deep. If
this is not possible, students have the option to
sample the top 10 cm of the soil profile.

For soil moisture measurements, a site that is open
should be considered. The site must not be
irrigated, should have uniform soil characteristics,
be relatively undisturbed, and be safe for digging.
Soil moisture samples are collected from the surface
(0-5 cm) and 10 cm depths. Samples may also be
collected at depths of 30 cm, 60 cm, and 90 cm to
obtain a depth profile. If possible, the site should
be within 100 m of a GLOBE Atmosphere Study
Site or other location where precipitation
measurements are being collected.

For soil temperature measurements, a site should
be selected that is adjacent to a GLOBE Atmosphere
Study site, or some other location where air
temperature measurements are taken. Alternatively,
soil temperature can be measured at a soil moisture
study site. The site should be in the open and
representative of the soils in the area. Soil
temperature measurements are made at depths of
5 and 10 cm with all protocols and also at 50 cm
with monitoring protocols.

Site Description

After students have selected a site for their soil
measurements, they use the following identifying
factors to define and describe the location they plan
to study: latitude and longitude (using GPS receivers),
elevation, slope, aspect (the direction of the steepest
slope), type of vegetation covering the soil, parent
material, current land use practices, and the position
of the soil on the landscape. The students determine
some of these properties at the site, while other
properties are established using local resources such
as maps, soil survey reports, and local experts.

Frequency of Measurements

Soil characterization measurements should be carried
out one time for a Soil Characterization Study Site.

GLOBE" 2003
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To help in understanding the global picture of soil
moisture, GLOBE’ highest priority is soil moisture
measurements carried out during two primary
collection campaigns each spring and fall.

To study local changes, soil moisture
measurements should be taken twelve or more
times per year for the same site at weekly or
monthly intervals. With soil moisture sensors,
measurements should be taken daily or more
frequently.

Soil temperature measurements are carried out at
least once each week. Many schools take daily soil
temperature measurements at the same time they
collect daily atmospheric data. The Digital
Maximum/Minimum Air and Soil Temperature
Protocol provides for daily measurement of the
maximum and minimum soil temperatures from
a depth of 10 cm. Optional protocols are available
for measuring daily maximum and minimum soil
temperatures at 5 cm and 50 cm depths and for
collecting soil and air temperature automatically
every 15 minutes using a data logger.

Field Considerations

Many teachers find that their students take great
pride and satisfaction in digging a soil pit to expose
a soil profile. Occasionally, adult volunteers are
needed to assist, or someone in the area with a
backhoe can be asked to help out. When digging,
all necessary precautions should be taken to avoid
buried utilities. To keep the hole from being a
hazard to both people and animals, the pit should
be open only while students are conducting their
observations. It should be kept covered when the
class is not working in it.

Managing Students

Depending on the size of the soil pit and the
number of students, it might be possible to work
on the pit as a class. In other cases, it is better to
allow groups of 3-5 students into the pit at a time.
There are many strategies for using multiple groups
of students to collect data from different horizons
or to collect duplicate samples. Teachers should
expect the soil characterization measurements and
sampling procedures to take several hours. Some
teachers choose to carry out the measurements on
repeated visits. Experts in Soil Science from local

Universities, the USDA Natural Resources
Conservation Service, and other agricultural
agencies can provide assistance with digging,
describing the site, and characterizing the soil.

Soil moisture samples should be collected from
as large an area around a school as possible during
the two target weeks. This allows all students (and
parents) to participate. The class should decide
upon a sample collection strategy and review the
proper procedures to be used for data collection.
Teams of students and parents can work together
to collect site descriptions, GPS coordinates, near-
surface gravimetric samples, and any other
GLOBE data that interests the class. Other groups
of students can be responsible for weighing the
wet soil as soon after sample collection as possible
and then beginning the drying process. It might
be useful to contact and work with soil scientists
from local colleges, the USDA Natural Resource
Conservation Service and other agencies to help
dry samples. Generally, a team of two or three
students is appropriate for taking soil moisture
samples or manually reading soil moisture sensors.

Soil temperature measurements are best made by
small teams (2-3 students per team) on a daily or
weekly schedule. One successful strategy is to have
one experienced student helping a less
experienced student, who later becomes the
mentor to new team members. It takes 10-20
minutes for a team to collect a full set of
measurements.

Combining the Measurements

In the GLOBE Soil Investigation, students study
both the soil properties that change very slowly
(soil characterization), and those that change
rapidly (soil temperature and moisture). Without
knowing the slowly changing properties of the
soil profile, it is difficult to understand the
dynamic moisture and temperature changes that
occur. In the same way, the patterns in moisture
and temperature in the soil over time, affect the
formation of the soil. Teachers are encouraged to
combine soil characterization measurements with
soil temperature and moisture measurements so
that students gain a true understanding of the way
the pedosphere functions and affects the rest of
the ecosystem.
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National Science
Education Standards

Basic Protocols

Advanced Protocols

Learning Activities

Charac-
terization

Temperature

Soil
Moisture

Bulk
Density

Soil pH

Particle
Size
Distribution

Particle
Density

Soil
Fertility

Passing
Through

Just
Passing
Through-Beg.

Earth and Space Science
Concepts

Earth materials are solid rocks,
soil, water, biota, and the gases
of the atmosphere.

Soils consist of weathered rocks
and decomposed organic material.

Soil have properties of color,
texture and composition; they
support the growth

of many types of plants.

The surface of the Earth changes.

Soils consist of rocks and minerals
less than 2 mm, organic material,
air and water.

Water circulates through soil
changing its properties.

Physical Science Concepts

Objects have observable
properties.

Energy is conserved.

Heat moves from warmer
to colder objects.

Chemical reactions take place in
every part of the environment.

Life Science Concepts

Atoms and molecules cycle
among the living and nonliving
components of the ecosystem.

Scientific Inquiry Abilities

Identify answerable questions.

Design and conduct
an investigation.

Use appropriate mathematics
to analyze data.

Develop descriptions and
explanations using evidence.

Communicate procedures
and explanations.
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Educational Objectives

Students participating in the activities presented
in this chapter should gain scientific inquiry
abilities and understanding of a number of
scientific concepts. These abilities include the use
of a variety of specific instruments and techniques
to take measurements and analyze the resulting
data along with general approaches to inquiry.
The Scientific Inquiry Abilities listed in the grey
box are based on the assumption that the teacher
has completed the protocol including the Looking
At the Data section. If this section is not used,
not all of the Inquiry Abilities will be covered.
The Science Concepts included are outlined in
the United States National Science Education
Standards as recommended by the US National
Research Council and include those for Earth and
Space Science and Physical Science. The
Geography Concepts are taken from the National
Geography Standards prepared by the National
Education Standards Project. Additional
Enrichment Concepts specific to the atmosphere
measurements have been included as well. The
gray box at the beginning of each protocol or
learning activity gives the key scientific concepts
and scientific inquiry abilities covered. The
following tables provide a summary indicating
which concepts and abilities are covered in which
protocols or learning activities.
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Selecting, Exposing and Describing a Soil Characterization Site

Students will use a technique chosen by their teacher to expose a soil
profile for characterization.

Soil Characterization Protocol

Students will identify horizons in a soil profile, observe the structure, color,
consistence, texture, and the presence of rocks, roots, and carbonates of
each horizon, and take samples for use in laboratory characterization
protocols.

Soil Temperature Protocol

Students will measure near-surface soil temperature frequently near local
solar noon and seasonally throughout two diurnal cycles.

Gravimetric Soil Moisture Protocol

Students will measure soil water content by comparing the wet and dry
masses of samples.

Bulk Density Protocol
Students will measure the mass of a dry soil sample of known volume.

Soil Particle Density Protocol

Students will measure the volume of a known mass of dry soil particles
and calculate their density.
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Particle Size Distribution Protocol

Students will suspend a known mass of dry soil in water and measure the specific
gravity of the suspension after sand and then silt have settled out of the suspension.

Soil pH Protocol

Students will prepare a one-to-one mixture of dry soil and distilled water and then
measure the pH of the liquid left after most of the soil has settled to the bottom of the
mixture.

Soil Fertility Protocol

Students will use a GLOBE Soil Fertility Kit to prepare samples and determine whether
nitrate, phosphate, and potassium are absent from a soil sample or present in low,
medium or high concentrations.

Digital Multi-Day Max/Min/Current Air and Soil Temperature Protocol (see
Atmosphere Chapter)

Students will use a digital multi-day maximum/minimum thermometer mounted in
their instrument shelter to measure the maximum and minimum air and soil
temperatures for up to six previous 24-hour periods.

Optional Digital Multi-Day Soil Temperatures Protocol *

Students will use a second copy of a digital multi-day maximum/minimum
thermometer mounted in their instrument shelter to measure the maximum and
minimum soil temperatures at 5 cm and 50 cm depths for up to six previous 24-hour
periods.

Optional Automated Soil and Air Temperature Monitoring Protocol *

Students will use four temperature probes and a data logger to measure air
temperature and soil temperatures at depths of 5 cm, 10 cm, and 50 cm every 15
minutes.

Optional Soil Moisture Sensor Protocol *

Students will develop a calibration curve and use it to determine soil water content at
depths of 10 cm, 30 cm, 60 cm, and 90 cm from meter readings of four soil moisture
sensor blocks.

Optional Water Infiltration Protocol *

Students will use a dual ring infiltrometer that they can construct from large food
container cans to measure the rate at which water soaks into the soil during a roughly
45-minute period.

Optional Davis Soil Moisture and Temperature Station Protocol *

Students install soil moisture sensors and temperature probes and connect them to a
Davis Soil Moisture and Temperature Station. Data are logged every 15 minutes and
periodically students transfer these data to a computer and report them to GLOBE.

* See the full e-guide version of the Teacher’s Guide available on the GLOBE Web site and CD-ROM.
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A. Selecting a Soil
Characterization Site

Soil characterization measurements are taken for
different reasons, including,

* supporting the interpretation of soil
moisture and temperature measurements;

* complementing and extending land cover
mapping; and

* developing soil maps of a region.

For GLOBE, most schools focus on the first of
these objectives, and for this a teacher must choose
a site that is close to the school’s Soil Moisture
Study Site or to their Atmosphere Study Site where
students are measuring soil temperature. These
sites may be collocated. If students will be doing
the Soil Characterization Protocol together with the
Land Cover Site Protocol, then a place should be
chosen within the Land Cover Site that is
representative of the site and where students can
dig with minimum disturbance to the site and its
long-lived vegetation (e.g., trees and perennial
shrubs). If students will be developing a soil map
of their region (e.g., watershed) or their GLOBE
Study Site, sites should be chosen that represent
different soil formation situations. For instance,
students may wish to sample soil at the top, side,
and bottom of a hill, or next to a stream or lake
and upland on both sides of the water body.
Comparisons of soil characteristics from two or
three nearby sites can provide the basis for
interesting inquiry or student research projects.

No matter which site location is chosen, the
following steps should be considered:

1. The site needs to be safe for digging.
Teachers and students should check with
local utility companies and school
maintenance staff to be sure that they do
not dig into or disturb utility cables, water,
sewer, or natural gas pipes, or sprinkler
irrigation systems.

2. A site should be chosen that looks similar
to the rest of the landscape and, if
possible, is covered with natural
vegetation. Lawns or other managed
landscapes are acceptable if this is the
cover that is located at the atmosphere and
soil moisture and temperature
measurement sites.

3. The site chosen should be relatively
undisturbed. It should be at least 3 meters
from buildings, roads, paths, playing
fields, or other places where soils may
have been compacted or disturbed by
construction.

4. The site should be oriented so that the sun
shines on the soil profile at the time
students carry out the soil characterization
measurements to ensure the soil
characteristics are clear for both naked-eye
observations and photography. In some
cases, sites are chosen where sunlight does
not strike the soil profile (e.g., existing
exposed profiles or pits dug under tree
canopies). In these cases, students will
need to take samples to a place where
there is sunlight to determine the soil
color.
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B. Exposing the Profile of
a Soil Characterization
Site

There are three options for exposing the soil at a
Soil Characterization Site:

1. Pit Method: Students dig a soil pit
approximately 1 meter deep (or until an
impenetrable layer is reached) and as big
around as is necessary to easily observe all
of the soil horizons from the bottom to the
top of the pit (approximately 1.5 x 1.5 m
wide). In some situations, students may be
able to perform the soil characterization
measurements at a site where the soil
profile has already been exposed through
human or natural action (e.g., a road cut
or the side of a ravine). In these instances,
teachers need to make sure that the site is
safe for students and there is no objection
to them scraping the surface soil away to
expose a fresh soil face.

2. Auger Method: Students use a soil auger
or probe to remove soil samples to a depth
of 1 meter.

3. Near Surface Method: Students use a
garden trowel or shovel to remove soil
samples. Students dig to a depth of at least
10 cm. If deeper digging is possible,
students should dig up to 1 meter.

Note: Some steps of the Soil Characterization Field
Measurement Protocol vary depending upon which
method students chose to expose their site.

C. Defining a Soil
Characterization Site

After students have selected and exposed a soil
characterization site, they define the site according
to a number of factors. They record their
descriptions in their GLOBE Science Notebooks
and onto the Soil Characterization Site Definition
Sheet. This information is important for students
and scientists to understand the way the Earth
system is functioning at that location. The
following factors are defined:

Latitude, Longitude and Elevation: The location
of the site is determined according to lines of
latitude and longitude and elevation above sea
level. These coordinates are established using a
Global Positioning System (GPS) receiver.

Aspect: The aspect is the direction of the steepest
slope across the exposed soil site. This information
indicates how the sun will influence soil
properties. In the Northern Hemisphere, south
facing slopes face the sun and tend to be drier
and more weathered, while north facing slopes
tend to be cooler. The opposite relationship occurs
in the Southern Hemisphere.

Site Exposure Method: The approach used by
students to expose and study the soil is identified
as the pit method, auger method or near surface
method.

Site Location: Soil characterization data is
important for interpreting soil moisture and
temperature measurements, atmospheric
measurements and land cover measurements. The
location of the soil characterization site relative
to these other measurement sites needs to be
defined so that data collected for these
measurements can be correlated.

Landscape Position and Slope: The landscape
position describes the contours of the land at the
soil characterization site. The slope describes the
angle at which the land of the site is angled and is
measured in degrees. These descriptors indicate
the processes and inputs that helped form the soil
at the site. For example, this information
determines whether the soil was formed by
erosion or deposition. It can also establish whether
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rain falling on the site will run-off, settle into a
pond, or infiltrate into the ground.

Cover Type: Cover type is a description of the
matter on the surface of the soil. If nothing is
covering the soil then it is described as bare soil.
Otherwise, the matter covering the soil can be
described as rocks, grass, shrubs, trees or other.

Parent Material: The matter from which the soil
develops is called the parent material. Identifying
the parent material of the soil helps to interpret
its texture, mineralogy, weathering rate, and
fertility.

Land Use: The manner in which the land is used
at the soil site can be defined as urban,
agricultural, recreational, wilderness or other.
Land use can have a formidable effect on soil
formation and help to interpret and explain a soil’s
properties and development.

Distance from Major Features and Other
Distinguishing Characteristics of the Site:
Other information or metadata about the site that
does not fit into any of the above categories should
also be recorded.

Suggestions for Digging and Managing
a Soil Characterization Site
Pit Method

» Digging is much easier when the soil is
moist. If possible, plan digging shortly
after a rain.

* Assoil is removed from the pit, place it
carefully in piles representing each of the
natural layers as they occur in the profile.

* The removed soil can be put on a tarp to
make clean up of the site easier.

* Cover piles of removed soil with plastic to
prevent them from eroding away.

* Request help from parents, school
personnel, students, or other volunteers.

» Contact a local USDA Natural Resources
Conservation Service office (in the US), or
other agricultural organization or
University. Many times, a soil scientist or
other professional will be willing to assist
you in digging a pit and helping describe
the characteristics of the soil profile.

* Surround the pit with a fence and mark it
with flags to alert people to where it is.

» Cover the pit with boards or some other
material to keep animals or debris from
falling in when it is not being used.

* When finished with the soil
characterization measurements, the
horizons need to be replaced into the soil
pit in reverse order (last one out should be
first one back in).

* Plan to plant a tree at the soil sampling
site location. Once the pit for the tree has
been dug, identify the horizons in the
profile, conduct the soil characterization
measurements, collect laboratory samples
and then plant the tree in the soil pit.

Auger Method

* Identify an area where four auger holes
can be dug and where the soil profiles are
similar.

» A Dutch auger, as described in the Toolkit
is best for most soil, especially for rocky,
clayey, and dense soils.

» A sand auger is needed if the soil is very
sandy in texture. In some places, the soil is
mostly peat and a special peat auger
should be used.

* A bucket auger may be better for dry,
desert soils.

* Students need a horizontal surface (e.g.,
the ground) on which to display the
vertical soil profile.

» Spread a plastic sheet, tarp, board, or
other surface on the ground next to where
the augur holes are dug for laying out the
profile.

* A rain gutter trough, one meter in length,
can be used to lay out the augered soil
sample. This allows for the sample to be
labeled, transported and stored.

» Assemble a profile of the top 1 meter of
soil by removing successive samples from
the ground with the auger and laying them
end-to-end.

Near Surface Method

* Use this method if digging deeper is not
possible.
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Questions for Guiding Students

The following questions can be used to engage
and guide students in selecting, exposing and
defining their soil characterization site:

Is the soil moist or dry, difficult or easy to dig,
warm or cool?

Can you distinguish differences in color or other
soil properties as the soil is being removed?

What is the parent material from which the soil
was formed? Was it bedrock? If so, look for rocks
on the surface to tell you something about the
kind of rock. Could your soil have been deposited
by water or wind, by a glacier or volcano?

What are the types of plants and animals you
might find in the soil and the general area around
your site? Include small organisms in the soil such
as earthworms or ants.

Where in the landscape is your soil? Is it on a
hilltop, slope, or bottom of a hill? Is it next to a
stream or on a flat plain? On what kind of
landform is it found?

What is the general climate at your soil site? Is it
sunny, shaded, hot, cold, moist, dry?

What is the recent land use in this area? Has it
been stable for a long time, or has it been plowed,
its trees cut, used for construction, or undergone
some other disturbance recently?

Questions for Further Investigation

How has the history of this area (human activity)
affected this soil?

How has land cover affected this soil?

How has local climate (micro climate) affected
this soil?

How has this soil affected local human history?

How has location in the landscape influenced this
soil?

How would soils with different slopes differ from
each other?

How does aspect affect soil properties?
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301l Gharacterization Site Exposure —
Pit Method

Field Guide

Task

To dig a soil pit that exposes a soil profile for soil characterization measurements and to define the site

What You Need

[] Shovels, trowels, backhoe [] Help with digging!
or other digging implements

[] Flags for marking the site [] Clinometer

[] Fence, boards, or other protection
to surround and cover a pit [] Local information about your site
when not in use

[ Plastic tarp to cover piles of soil [ Compass
[ Soil Characterization Site Definition Sheet [J GPS receiver
In the Field

Exposing the Soil Profile

1. Identify a location where you can dig a soil pit.

2. Dig the soil pit approximately 1 meter deep (or until a hard
layer is reached). Make the pit as big around as is necessary
to easily observe all of the soil horizons from the bottom to
the top of the pit (approximately 1.5 m x 1.5 m).

3. As soil is removed from the pit, place it carefully on a tarp in
piles representing each of the natural layers of the profile.
The horizons need to be replaced in reverse order (last out,
first in) once you are finished using the pit. Cover the pile of
soil with plastic to prevent the soil from blowing or washing
away.

4. Surround the pit with a fence and mark it with flags to alert people of its location.

5. Cover the pit with boards or some other material to keep animals or debris from falling in
when it is not being used.
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Soil Characterization Site Exposure—Pit Method Field Guide - Page 2

Defining the Soil Characterization Site

1. Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site
Definition Sheet.

2. Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this
information on the Site Definition Sheet.

3. Identify the steepest slope that crosses the area of exposed soil.

a. Two students (A and B) are needed whose eyes are at about the same height to measure
the slope. One other student (C) is needed to be the “reader” and “recorder”.

b. Student A holds the clinometer and stands down slope while student B walks to the
opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as
easily possible). Student C should stand next to student A.

c. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads
the angle of slope on the clinometer in degrees, and records this
reading on the Site Definition Sheet.

4. Identify the aspect of the steepest slope:
a. Face up the steepest slope across the exposed soil area.

b. Hold the compass in your hand so that the red arrow is lined up
with the North position on the compass.

c. Read the number on the edge of the compass housing (which can
range from 0 to 360).

d. Record this value on the Site Definition Sheet.

5. Record “Pit” as the method used to expose the soil profile.
6. Record whether the site is on or off school grounds.
7. Record a description of the site location. (Near the Soil Moisture Study

Site, Near the Soil Moisture and Atmospheric Study Sites, Near the
Atmosphere Study Site, In the Biology Study Site, Other)

8. Describe and record the position on the landscape where the site is found. (Summit, Side
Slope, Depression, Large Flat Area, Streambank)

9. Describe and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, or
Other).

10. Describe and record the type of parent material from which the soil was formed at the site
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers,
Volcanoes, or Loose materials on slope moved by gravity).

11. Describe and record the land use at the site (urban, agricultural, recreation, wilderness, other)

12. Measure and record the distance (up to 50 m) of the site from major features (e.g., buildings,
power poles, roads, etc.).

13. Describe and record any other distinguishing characteristics of this site.
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50il Gharacterization Site Exposure —
Auger Method

Field Guide

Task

Use an auger to expose a soil profile for characterization measurements and define the site.

What You Need
[ Soil auger [J Meter Stick

[] Clinometer
[] Compass
[] GPS receiver

In the Field
Exposing the Soil Profile

1

2.

. Identify a location where an auger can be used to expose a soil profile.

Spread a plastic sheet, tarp, board, etc. on the ground next to where the

first hole will be dug and where the sun will shine on the profile.

. Remove the surface vegetation.

. Place the auger at the top of the soil and turn the auger one complete

revolution (360°) to dig into the ground. Do not turn the auger more
than one complete circle (360°) to prevent the soil from being
compacted.

. Remove the auger with the sample from the hole and hold the auger

over the plastic sheet, etc.

. Transfer the sample from the auger to the plastic sheet, etc. as gently

as possible. Place the top of this sample just below the bottom of the
previous sample.

. Measure the depth of the hole. Adjust the sample on the plastic bag,

tarp, or board so that its bottom is no further from the top of the soil
profile than this depth.

. Record the depths at which there are differences in soil properties.

(This will help to determine the top and bottom depths of the
horizons for soil characterization.)

[] Local information about your site
[] Plastic bags to lay out the soil profile
[] Soil Characterization Site Definition Sheet
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Soil Characterization Site Exposure—Auger Method Field Guide - Page 2

Defining the Soil Characterization Site

1.

5. Record “Auger” as the method used to expose the soil profile.
6. Record whether the site is on or off school grounds.

7. Record a description of the site location. (Near the Soil Moisture Study

10.

11.
12.

13.

Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site
Definition Sheet.

. Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this

information on the Site Definition Sheet.

. Identify the steepest slope that crosses the area of exposed soil.

a. Two students (A and B) are needed whose eyes are at about the same height to measure
the slope. One other student (C) is needed to be the “reader” and “recorder”.

b. Student A holds the clinometer and stands down slope while student B walks to the
opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as
easily possible). Student C should stand next to student A.

c. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads
the angle of slope on the clinometer in degrees, and records this reading on the Site
Definition Sheet.

. Identify the aspect of the steepest slope:

a. Face up the steepest slope across the exposed soil area.

b. Hold the compass in your hand so that the red arrow is lined up
with the North position on the compass.

c. Read the number on the edge of the compass housing (which can
range from O to 360).

d. Record this value on the Site Definition Sheet.

Site, Near the Soil Moisture and Atmospheric Study Sites, Near the
Atmosphere Study Site, In the Biology Study Site, Other)

. Describe and record the position on the landscape where the site is found. (Summit, Side

Slope, Depression, Large Flat Area, Streambank)

. Describe and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, or

Other).

Describe and record the type of parent material from which the soil was formed at the site
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers,
Volcanoes, or Loose materials on slope moved by gravity).

Describe and record the land use at the site (urban, agricultural, recreation, wilderness, other)

Measure and record the distance (up to 50 m) of the site from major features (e.g., buildings,
power poles, roads, etc.).

Describe and record any other distinguishing characteristics of this site.
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Field Guide

Task

Expose the top 10 cm of soil for soil characterization measurements and define the site.

What You Need

[] Meter Stick or metric ruler [] Clinometer

[] Local information about your site [] Compass

[ GPS receiver [1 Soil Characterization Site Definition Sheet
In the Field

Exposing the Soil Profile

1. Identify a location where the surface of the soil can
be exposed.

- SOilll
-—
sa pIe

2. Remove the surface vegetation.

3. Use a garden trowel or shovel to carefully remove the
top 10 cm of soil from a small area and set it on the
ground.

[~— 1 meter —|

4. Treat this sample as a horizon.

Defining the Soil Characterization Site

1. Give the site a name or number (e.g., SCS-01). Record this on the Soil Characterization Site
Definition Sheet.

2. Measure the latitude, longitude, and elevation of the site using the GPS Protocol. Record this
information on the Site Definition Sheet.

3. Identify the steepest slope that crosses the area of exposed soil.

a. Two students (A and B) are needed whose eyes are at about the same height to measure
the slope. One other student (C) is needed to be the “reader” and “recorder”.

b. Student A holds the clinometer and stands down slope while student B walks to the
opposite side of the hole. Students A and B should be about 30 m apart (or as far apart as
easily possible). Student C should stand next to student A.

c. Looking through the clinometer, Student A sites the eye level of Student B. Student C reads
the angle of slope on the clinometer in degrees, and records this reading on the Site
Definition Sheet.

GLOBE® 2003 Selecting, Exposing, and Defining a Soil Characterization Site - 9 Soil



Soil Characterization Site Exposure—Near Surface Method Field Guide - Page 2

4. Identify the aspect of the steepest slope:
a. Face up the steepest slope across the exposed soil area.

b. Hold the compass in your hand so that the red arrow is lined up
with the North position on the compass.

c. Read the number on the edge of the compass housing (which can
range from O to 360).

d. Record this value on the Site Definition Sheet.

5. Record “Near Surface” as the method used to expose the soil profile.
Record whether the site is on or off school grounds.

6.
7. Record a description of the site location. (Near the Soil Moisture Study /

Site, Near the Soil Moisture and Atmospheric Study Sites, Near the
Atmosphere Study Site, In the Biology Study Site, Other)

8. Describe and record the position on the landscape where the site is found. (Summit, Side
Slope, Depression, Large Flat Area, Streambank)

9. Describe and record the cover type of the site (Bare Soil, Rocks, Grass, Shrubs, Trees, or
Other).

10. Describe and record the type of parent material from which the soil was formed at the site
(Bedrock, Organic Material, Construction Material, Marine, Lake, Stream, Wind, Glaciers,
Volcanoes, or Loose materials on slope moved by gravity).

11. Describe and record the land use at the site (urban, agricultural, recreation, wilderness, other)

12. Measure and record the distance (up to 50 m) of the site from major features (e.g., buildings,
power poles, roads, etc.).

13. Describe and record any other distinguishing characteristics of this site.
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Protocol

Purpose

To characterize the physical and chemical
properties for each horizon in a soil profile and
prepare samples for further analysis

Overview

Students identify the horizons of a soil profile
at a soil characterization site, then measure and
record the top and bottom depth for each
horizon. For each horizon, students describe
the structure, color, consistence, texture, and
abundance of roots, rocks, and carbonates.
Samples are collected and prepared for
additional laboratory analysis.

Student Outcomes

Students will be able to carry out field methods
for soil analysis, record field data, and prepare
soil samples for laboratory testing. Students
will be able to relate the physical and chemical
properties of soil at a site to the climate,
landscape position, parent material, and land
cover of an area.

Science Concepts

Earth and Space Sciences

Soils consist of weathered rocks and
decomposed organic material.

Soils have properties of color, texture and
composition; they support the growth
of many types of plants.

The surface of the Earth changes.

Water circulates through soil changing its
properties.

Physical Sciences
Objects have observable properties.

Scientific Inquiry Abilities

Identify answerable questions.

Design and conduct an investigation.

Use appropriate mathematics to analyze
data.

Develop descriptions and explanations
using evidence.

Communicate procedures and
explanations.

Time

Two-three 45-minute class periods or
one 90-minute session in the field

Level
All

Frequency

Soil characterization measurements are taken
one time for a specific soil site.

Collected samples can be stored for study and
analyses at another time during the school year.

Materials and Tools

Spray bottle full of water

Golf tees, nails, or other horizon markers
Soil color book

Pencil or pen

Trowel, shovel, or other digging device
Paper towels

Meter stick or tape measure

Sealable bags or containers

Marking pen

Camera

Soil Characterization Data Sheet

Prerequisites

Selecting, Exposing, and Defining a Soil
Characterization Site Protocol

$]02010.d /

\

GLOBE® 2003

Soil Characterization Protocol - 1

Soil



Soil Characterization
Protocol = Introduction

Soil can be characterized by its structure, color,
consistence, texture, and abundance of roots,
rocks, and carbonates. These characteristics allow
scientists to interpret how the ecosystem functions
and make recommendations for soil use that have
aminimal impact on the ecosystem. For example,
soil characterization data can help determine
whether a garden should be planted or a school
should be built. Soil characterization data can help
scientists predict the likelihood of flooding and
drought. It can help them to determine the types
of vegetation and land use best suited to a location.
Soil characteristics also help explain patterns
observed from satellite imagery, vegetation growth
across the landscape, or trends of soil moisture
and temperature that might be related to weather.

Teacher Support

Advance Preparation

Before beginning the Soil Characterization Protocol
follow the protocol for Selecting, Exposing, and
Defining a Soil Characterization Site. The Soil
Characterization Protocol can be performed on a
soil profile that is exposed in a pit, from an auger,
or from a sample taken at the soil surface.

Teachers should have students bring in soil
samples from home or from the school yard to
practice each soil characterization measurement
before doing the soil characterization protocol in
the field.

Before starting the soil characterization, teachers
should have students step back from the exposed
profile and observe any obvious characteristic
changes that occur with depth such as changes in
color and structure.

To help demonstrate to students what happens
when an acid (vinegar) is added to a base (free
soil carbonates) teachers can mix baking soda into
a dry soil and squirt vinegar from an acid bottle
on to the soil to illustrate strong “effervescence.”

Measurement Procedures

To help identify different horizons, teachers should
have students look for changes that might be
obvious with depth including color, structure,
texture, number and kind of roots and rocks,
temperature, moisture, smell, sound (determined

by rubbing peds together with their fingers).

It is helpful if students reach a consensus about
what they are observing. For example, they may
discuss until they finally agree to the placement
of horizon boundaries, soil color, structure,
texture, or other characteristics. The results based
on student consensus should be recorded.

Questions for Guiding Students

What prompted you to choose the different
horizons? Were your choices based on soil
characteristics such as color, structure, presence
of animals or roots?

If there was anything unusual about the soil
profile? What may have caused this?

What can you tell about the formation of the soil

by looking at the horizons in the profile?

Questions for Further Investigation
What creates the different horizons in a soil profile?

What natural changes could alter the soil horizons?

How long might it take to alter the depths of the
different horizons?

How do soil profiles change from one location to
another?

How do soil horizons change from one location
to another?

GLOBE® 2003
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50il Gharacterization Protocol

Field Guide

Task

Identify, measure and record the horizons in a soil profile at a Soil Characterization Site. Measure and
record the physical and chemical properties that characterize each horizon. Photograph the soil profile.
Collect soil samples from each horizon.

What You Need
[J Spray mist bottle full of water [J Acid bottle filled with distilled vinegar
[] Golf tees, nails or other marking device [1 Soil Characterization Data Sheet
[] Trowel, shovel, or other digging device [] Pencil or pen
[] Soil color book [] Paper towels
[l Marking pen [J Meter stick or tape measure
[J Camera [J Rolling pin, hammer, or other utensil
for crushing peds and separating particles
In the Field

Identifying and Measuring Horizons
1. Make sure the sun shines on the profile.

2. Use a trowel to scrape a few centimeters of soil off of the profile to
expose a fresh soil face.

3. Determine whether the soil profile is moist, wet, or dry. If the soil
profile is dry, moisten it with the spray mist bottle.

4. Start at the top of the profile and observe the characteristics of the
soil moving towards the bottom of the profile.

5. Look carefully at the soil profile for distinguishing characteristics
such as color, texture, shapes, roots, rocks, small dark nodules
(called concretions), worms, small animals, insects, and worm
channels. These observations will help to define the horizons.

6. Working in a straight vertical line, place a marker ( such as a golf tee or nail) at the top and
bottom of each horizon to clearly identify it. Be sure there is a consensus from all of the
students regarding the depths of the soil horizons.

7. Measure the top and bottom depth of each horizon beginning at the top (surface) of the
profile. Start with the meter stick or tape measure at 0 cm at the top of the profile. Note the
depths at which each horizon starts and ends.

8. Record the top and bottom depth of each horizon on the Soil Characterization Data Sheet.
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Soil Characterization Protocol Field Guide - Page 2

Measuring Structure

1. Use a trowel or other digging device to remove a sample of soil from the horizon being
studied.

2. Hold the sample gently in your hand and look closely at the soil to examine its structure.

3. Come to a consensus with other students in the group on the type of soil structure of the
horizon. Possible choices of soil structure are:

With Structure:

Granular: Resembles cookie crumbs and is usually
less than 0.5 cm in diameter. Commonly found in
surface horizons where roots have been growing.

Blocky: Irregular blocks that are usually 1.5 - 5.0
cm in diameter.

Prismatic: Vertical columns of soil that might be a
number of cm long. Usually found in lower
horizons.

Columnar: Vertical columns of soil that have a
white, rounded salt “cap” at the top. Found in soils
of arid climates.

Platy: Thin, flat plates of soil that lie horizontally.
Usually found in compacted soil.

Without Structure:

Single Grained: Soil is broken into individual
particles that do not stick together. Always
accompanies a loose consistence. Commonly found
in sandy soils.

Massive: Soil has no visible structure, is hard to break
apart and appears in very large clods.

4. Record the structure type on the Soil
Characterization Data Sheet.
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Measuring Main Color and Second Color G

m\

1. Take a ped from the horizon being studied and note whether it is \
moist, dry, or wet. If it is dry, moisten it slightly with water from
your water bottle.

2. Break the ped and hold it next to the color chart.

3. Stand with the sun over your shoulder so that sunlight shines on the
color chart and the soil sample you are examining.

4. Find the color on the color chart that most closely matches the color \é
of the inside surface of the ped. Be sure that all students agree on the
choice of color.

5. Record on the Soil Characterization Data Sheet the symbol of the
color on the chart that most closely matches the soil color that
covers the largest area of the ped (dominant or main color).
Sometimes, a soil sample may have more than one color. Record a
maximum of two colors if necessary, and indicate (1) the dominant
(main) color, and (2) the sub-dominant (second) color.

2.5Y 7/4

2.5Y 6/4

Measuring Soil Consistence

1. Take a ped from the soil horizon being studied. If the soil is very dry,
moisten the face of the profile by squirting water on it, and then
remove a ped for determining consistence.

2. Holding the ped between your thumb and forefinger, gently squeeze
it until it pops or falls apart.

3. Record one of the following categories of soil ped consistence on the
Soil Characterization Data Sheet.

Loose: You have trouble Firm: The ped breaks
picking out a single ped
and the structure falls
apart before you handle
it. Note: Soils with
single grained structure
always have loose
consistence.

when you apply a good
amount of pressure and the
ped dents your fingers
before it breaks.

Friable: The ped breaks
with a small amount of
pressure.

Extremely Firm: The ped
can't be crushed with your
fingers (you need a
hammer!)
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Measuring Soil Texture
Step 1

* Place some soil from a horizon (about the size of a small egg) in your hand and use the spray
mist bottle to moisten the soil. Let the water soak into the soil and then work it between your

fingers until it is thoroughly moist. Once the soil is moist, try to form a ball.

o If the soil forms a ball, go on to Step 2. If the soil does not form a ball, call it a sand. Soil

texture is complete. Record the texture onto the Soil Characterization Data Sheet.

Step 2

* Place the ball of soil between your thumb and index finger and gently push and squeeze it

into a ribbon. If you can make a ribbon that is longer than 2.5 cm, go to Step 3. If the ribbon

breaks apart before it reaches 2.5 cm, call it a loamy sand. Soil texture is complete. Record

the texture onto the Soil Characterization Data Sheet.

Step 3

¢ If the soil:

- Is very sticky

- Hard to squeeze

- Stains your hands

- Has a shine when rubbed

- Forms a long ribbon (5+ cm) without breaking,
Call it a clay and go to Step 4.
Otherwise, If the soil:

- Is somewhat sticky

- Is somewhat hard to squeeze

- Forms a medium ribbon (between 2-5 cm)
Call it a clay loam and go to Step 4.
Otherwise, If the soil is:

- Smooth

- Easy to squeeze,

- At most slightly sticky,

- Forms a short ribbon (less than 2 cm)

Call it a loam and go to Step 4.

Step 4
.P Wet a small pinch of the soil in your palm and rub it with a forefinger. If the soil:
* Feels very gritty every time you squeeze the soil, go to A.
* Feels very smooth, with no gritty feeling, go to B.
* Feels only a little gritty, go to C.

A. Add the word sandy to the initial classification.
* Soil texture is either:
- sandy clay,
- sandy clay loam, or
- sandy loam

* Soil Texture is complete. Record the texture onto the Soil Characterization Data Sheet.

GLOBE® 2003 Soil Characterization Protocol - 6
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B. Add the word silt or silty to the initial classification.
* Soil texture is either:
- silty clay,
- silty clay loam, or
- silt loam
* Soil Texture is complete. Record the texture onto the Soil Characterization Data Sheet.

C. Leave the original classification.
* Soil texture is either:
- clay, clay loam, or loam

* Soil Texture is complete. Record the texture onto the Soil Characterization Data Sheet.

Measuring Rocks

1. Observe and record if there are none, few, or many rocks or rock fragments in the horizon. A
rock or rock fragment is defined as being larger than 2 mm in size.

2. Record your observation on the Soil Characterization Data Sheet.

Measuring Roots
1. Observe if there are none, few, or many roots in each horizon.

2. Record your observation on the Soil Characterization Data Sheet.

Measuring Free Carbonates

1. Set aside a portion of the exposed soil to use for the free carbonates test. Make sure not to
touch it with your bare hands.

2. Open the acid bottle and squirt vinegar on the soil particles, starting from
the bottom of the profile and moving up.

3. Look carefully for the presence of effervescence. The more carbonates that
are present, the more bubbles (effervescence) you will observe.

4. For each horizon, record on the Soil Characterization Data Sheet one of the
following as the results of the Free Carbonate:

* None: if you observe no reaction, the soil has no free carbonates present.

* Slight: if you observe a very slight bubbling action,; this indicates the
presence of some carbonates.

 Strong: if there is a strong reaction (many, large bubbles) this indicates that many
carbonates are present.

Photographing the Soil Profile

1. Place a tape measure or meter stick starting from the top of the soil profile next to where the
horizons have been marked.

2. With the sun at your back, photograph the soil profile so that the horizons and depths can be
seen clearly.

3. Take another photograph of the landscape around the soil profile.

4. Submit photos to GLOBE following directions outlined in the How to Submit Photos and Maps
section of the Implementation Guide.
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Field Guide

Task

Collect soil samples of each horizon.

What You Need:
[] Trowel, shovel or other digging device [] Marking pen

[] Rubber gloves

[] Sealable bag or container

In the Field
Collecting Soil Samples

1

10.

. Dig out a large soil sample from each soil horizon. Avoid the area

of the soil face that was tested for carbonates and avoid touching
the soil samples so that pH measurements will not be
contaminated by acids on your skin.

. Place each sample in a bag or other soil container

. Label each bag with the site name, horizon name, and top and

bottom depths.

. Bring these samples from the field and into the classroom or

laboratory.

. Spread the samples on separate paper plates or sheets of paper to

dry in the air.

. Put the #10 (2 mm openings) sieve on top of clean sheets of

paper and pour the dry soil sample into sieve. Put on rubber
gloves so the acids on your skin do not contaminate the soil pH
measurement.

. Carefully push the dried soil material through the mesh onto the

paper. Do not force the soil through the sieve or you may bend
the wire mesh openings. Rocks will not pass through the mesh
and will stay on top of the sieve. Remove the rocks (and other
pieces of debris) from the sieve and discard. If no sieve is
available, carefully remove the rocks and debris by hand.

. Transfer the rock-free, dry soil from the paper under the sieve

into new, clean, dry plastic bags or containers.

. Seal the containers, and label them the same way that they were

labeled in the field (horizon name, top and bottom horizon
depth, date, site name, site location). This is the soil that will be
used for lab analyses.

Store these samples in a safe, dry place until they are used.

[] Sheets of paper or paper plates for drying

[] #10 Sieve (2 mm mesh openings)

GLOBE® 2003 Soil Characterization Protocol - 8

Soil



Frequently Asked Questions

What do the numbers and letters describing
the soil color mean?

For GLOBE, the universal Munsell notation is used
to identify the color of the soil.

The system is made up of 3 symbols representing
the hue, value, and chroma of the soil color.

The hue is described by the first set of number
and letter symbols in the Munsell system. Hue
represents the position of the color on the color
wheel (Y=Yellow, R=Red, G=Green, B=Blue,
YR=Yellow Red, RY=Red Yellow).

The value is the number before the slash in the
Munsell system. Value indicates the lightness of a
color. The scale of value ranges from 0 for pure
black to 10 for pure white.

The chroma is the number after the slash in the
Munsell system. Chroma describes the “intensity”
of a color. Colors of low chroma values are
sometimes called weak, while those of high
chroma are said to be highly saturated, strong, or
vivid. The scale starts at zero, for neutral colors,
but there is no arbitrary end to the scale.
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What does it mean if | determine that
my soil is a silty clay or a sandy loam?

The texture you determine from feeling your soil
is a subjective measurement. This means that
another person might not think that the soil has
exactly the same texture as you do. The texture
actually refers to the percentages of sand, silt, and
clay present. The triangle below is called a textural

100

90

triangle and can be used to determine the
approximate percentages of sand, silt, and clay in
your soil from the texture you determined. For a
more objective measure of soil texture, you should
perform the Particle Size Distribution Protocol in
which you determine the actual percentages of
sand, silt, and clay in the soil.
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Soil Characterization
Protocol -
Looking at the Data

Are the data reasonable?

Soil profiles vary greatly from one region to
another making it difficult to predict what
students will see at their sites. There are certain
things that teachers and students can look for to
tell whether or not the data are reasonable.

Horizons

It is unlikely that large numbers of distinct
horizons will be found in very young soils
(recently deposited, or close to bedrock), or very
highly developed soils (such as are found in
tropical regions). More horizons are found in
temperate climates under forest vegetation.

Color

Dark colored soil is usually found at the surface,
unless there has been intense leaching of organic
material, such as in a coniferous forest, or
deposition has occurred where new parent
material has been deposited on top of a soil profile
that was already developed.

Texture

In general, soil texture is similar as you go deeper
into the soil, with a gradual increase in clay. If
there is a very sharp difference in texture (such as
a clayey soil over a very sandy soil) this may also
be an indication of a different parent material due
to deposition. This may occur if you are in an
area near a stream where flooding is common, or
where human activity has disturbed the soil and
fill has been added. Just to check, it is helpful to
complete the particle size distribution protocol
for each horizon to check the texture data
collected in the field with actual lab measurements
of the amount of sand, silt, and clay.

Structure

Granular structure is generally found where there
are many roots, and soils with high amounts of
clay that typically have blocky or massive
structure.

Consistence

When the soil has single grained structure, the
consistence is always loose and the texture is
usually sand or other very sandy texture such as
loamy sand. Testing for the bulk density of the
soil can act as a check for the consistence since
the denser the soil, the more firm the consistence
will be.

Roots

Bulk density should be lower when there are many
roots in the soil that add pore space to the horizon.

Carbonates

If free carbonates are present, the pH should be 7
or above since high amounts of calcium carbonate
decrease the soil acidity and increase the pH.

Student Research

Students at Queen Mary School in Pennsylvania,
USA wanted to compare the soil at two sites near
their school. The first site was in a forested area
that had not been disturbed for at least 100 years.
The second site was in a field that had been used
for agriculture, but then became a grass field.

Mr. Hardy, the teacher, did a few things to prepare
for this study. First, he contacted the local USDA
Natural Resources Conservation Service office and
asked the local soil scientist to come out and help
the class. Arrangements were made so that the
soil scientist could spend a class period talking
about soils in the county and show the students
maps and other information about the soils near
their school. She also agreed to help the students
with their soil characterization measurements.
Second, Mr. Hardy checked to make sure that it
was safe to dig at these sites, and contacted the
students’ parents to help dig the soil pits. The
parents waited until a few days after a good rainfall
so that the soil would be moist and easy to dig,
and soon had dug two soil characterization pits
to a depth of 1 meter. As they removed the soil
from the pit, it was stacked neatly in piles by
horizon, so that when the characterization was
done, they could return the soil in the same order
in which it had been removed.

GLOBE® 2003
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When the day for digging arrived, the students
went out in two teams to characterize each of the
sites. Team A was in charge of the site description
and determined the GPS location, elevation, slope,
aspect, landscape position, cover type, and land
use. They also identified the soil parent material
with the help of geologic maps they found in the
library and help from the county soil scientist.
Information about the site location and other notes
were also recorded. Team B went into the pit and
did the soil characterization and sampling of
horizons, making sure there was consensus among
all the students on the team about what they were
observing. The students waited until the following
day to complete the characterization at the grass
field site. Each team then switched roles so that
every student had a chance to do both the site
description and soil characterization in the pit.
The data collected by the students at each site are
given below.

Site A:
Slope: 15 degrees

Aspect: 120 degrees
Landscape Position: Summit
Cover Type: Trees

Land Use: Forest

Parent Material: Sandstone Bedrock (hit bedrock
at 86 cm)

$]02010.d /
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Horizon | Top | Bottom | Rocks | Roots | Structure Color | Consistence| Texture | Carbonates
1 0 6 Few Many | Granular |10YR 2/1 Friable Sandy None
Loam
2 6 20 Few | Many Blocky | 10YR 6/4 Friable Sandy None
Loam
3 20 50 Few Few Blocky |7.5YR 6/6 Firm Clay None
Loam
4 50 70 Many Few Blocky |7.5YR 7/8 Firm Sandy None
Clay Loam
5 70 86 Many | None Single |7.5YR 8/4 Loose Loamy None
Grained Sand
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Site B:
Slope: 3 degrees

Aspect: 120 degrees

Landscape Position: Large Flat Area
Cover Type: Grass

Land Use: School Grounds

Parent Material: Limestone Bedrock

Horizon | Top | Bottom | Rocks | Roots | Structure | Color | Consistence| Texture | Carbonates

1 0 20 None | Many | Granular | 10YR 3/4 Friable Loam None

2 20 40 None | Many Blocky |7.5YR 6/8 Friable Clay None
Loam

3 40 75 None | Many Blocky | 5YR 6/8 Firm Clay None
Loam

4 75 100 None Few | Prismatic | 5YR6/6 Extremely Clay None

Firm

The students examined the results of their soil site characterizations and made the following

observations:

Site A: Site A is located on top of a hill and is
presently forested. The soil was formed from
sandstone bedrock. The color of the soil is darkest
at the top and gets lighter with depth. The
structure is granular where there were many roots,
and becomes blocky with depth. The number of
rocks increases closer to the bedrock. The soil
texture changes with depth, becoming more
clayey and harder to squeeze, but then more sandy
closer to the horizon right above the bedrock. The
soil scientist explained that in this type of climate,
clay will move down through the soil profile over
time and accumulate or build up in the lower
horizons. She also said that the sandy and rocky
horizon at the bottom was from the sandstone
parent material breaking up into soil material.
Because the bottom horizon is loamy sand and
has single grained structure, its consistence is loose
and falls apart easily. Also, there are no carbonates
because the parent material is carbonate-free
sandstone.

Site B: The soil at site B is very different than at
Site A, even though they are both on the school
grounds and formed under the same climate. This
is probably due to the difference in parent
materials at the two sites.

The soil at site B was formed from limestone parent
material along a wide flat surface. The original
vegetation here was probably forest at one time,
as it was for most of the state of Pennsylvania, but
the trees had probably been cut away to create an
agricultural field since it was such a wide and flat
area. Some of the parents remembered that the
land where pit B was dug was once a farm, but
was converted to a grassy field when the school
was built. The pit dug here is deeper than the pit
at Site A since, according to the soil scientist,
limestone rock is more easily weathered than
sandstone which is harder. In fact, there are no
rock fragments in the profile from the original
bedrock since they were so easily weathered.
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The soils at both site A and B are darkest at the
surface, because of the input of organic material
from the vegetation at the surface, although as
they get deeper, Site A gets lighter and the soil at
Site B gets redder. The texture of the horizons at
Site B is much more clayey. Again the soil scientist
explained that this was common in most soils of
this region since clay moves down through the
profile over time. Since there were so many more
clay size particles in the limestone parent material
than in the sandstone, the texture of the soil at
Site B was also much more clayey. She also stated
that it was common for clayey soils in this part of
the world to have a high amount of iron oxide
coating the particles which is what gives them the
reddish color. The high clay content makes the
consistence of the soil very firm and difficult to
break, and so there are few roots in this horizon.
One of the constituents of limestone is calcium
carbonate but there are no carbonates present in
this profile. The soil scientist explained that again,
because of the temperate climate and materials
such as acids in organic matter which leach
through the soil, any carbonates that may have
been in this soil originally have been removed.

$]02010.d /
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501l Temperature Protocol

Purpose

To measure near-surface soil temperatures

Overview

Students measure soil temperatures at 5 cm and
10 cm depths using a soil thermometer.

Student Outcomes

Students will be able to perform a soil
thermometer calibration, carry out soil
temperature measurements accurately and
precisely and record and report soil temperature
data. Students will be able to relate soil
temperature measurements to the physical and
chemical properties of soil.

Science Concepts
Earth and Space Sciences
Soils have properties of color, texture and
composition; they support the growth of
many types of plants.
The surface of Earth changes.
Water circulates through soil changing its
properties.

Physical Sciences
Objects have observable properties.
Energy is conserved.
Heat moves from warmer to colder objects.
Scientific Inquiry Abilities
Identify answerable questions.
Design and conduct an investigation.
Use appropriate mathematics to analyze
data.
Develop descriptions and explanations
using evidence.
Communicate procedures and
explanations.

Time
10-15 minutes

Level
All

Frequency

Soil temperature measurements can be taken
daily or weekly. Seasonal measurements are
taken every three months at 2-3 hour
intervals for two consecutive days (diurnal
cycle measurement).

Materials and Tools

Dial or digital soil thermometer

12 c¢m nail or spike

Hammer

Spacers (for limiting soil thermometer
insertion depth)

Calibration thermometer

Wrench for adjusting dial soil
thermometer

Watch

GLOBE Science Log(s)

Soil Temperature Data Sheet

Preparation

Make spacers so that soil thermometer is
inserted to the proper depths.

Prerequisites
None
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Soil Temperature
Protocol = Introduction

Soil temperature is an easy measurement to take
and the data collected are useful to scientists and
students. The temperature of the soil affects
climate, plant growth, the timing of budburst or
leaf fall, the rate of decomposition of organic
wastes and other chemical, physical, and
biological processes that take place in the soil.

The temperature of soil is directly linked to the
temperature of the atmosphere because soil is an
insulator for heat flowing between the solid earth
and the atmosphere. For example, on a sunny day;,
soil will absorb energy from the sun and its
temperature will rise. At night, the soil will release
the heat to the air having a direct and observable
affect on air temperature.

Soil temperatures can be relatively cool in the
summer or relatively warm in the winter. Soil
temperatures can range from 50° C for near-surface
summer desert soils (warmer than the maximum
air temperature) to values below freezing in the
winter.

Soil temperature has a significant effect on the
budding and growth rates of plants. For, example,
as soil temperatures increase, chemical reactions
speed up and cause seeds to sprout. Farmers use
soil temperature data to predict when to plant
crops.

Soil temperature also determines the life cycles of
small creatures that live in the soil. For example,
hibernating animals and insects emerge from the
ground according to soil temperature.

Soil temperature also determines whether water
in the soil will be in a liquid, gaseous, or frozen
state. The amount and state of water in the soil
affects the characteristics of each soil horizon in a
soil profile. For example, in cold soils there is less
decomposition of organic matter because the
microorganisms function at a slower rate, resulting
in a dark colored soil. Intense heating in tropical
climates causes increased weathering and the

production of iron oxides, giving these soils a
reddish color. In Northern and Southern latitudes
and at high elevations, some soil layers are
permanently frozen and are known as permafrost.
Melting permafrost alters soil structure and
horizon thickness, and causes damage to plant
roots. At mid-latitudes and mid-elevations, near-
surface soil freezes in the winter. Soil moisture
evaporates from soil surfaces. The amount of
evaporation depends on the vapor pressure of the
water in the soil, and this depends on temperature.
Once the moisture evaporates, it adds to the
humidity of the air, affecting the climate.

Understanding how soils heat and cool helps to
predict the length of growing seasons for plants,
the type of plants and animals that can live in the
soil, and the input of humidity into the
atmosphere. The amount of moisture in the soil
affects the rate at which the soil heats and cools.
Wet soils heat slower than dry soils because the
water in the pore spaces between the soil particles
absorbs more heat than air.

Soil temperature data can be used to make
predictions about how the ecosystem will be
affected by warming or cooling global
temperatures. Scientists use soil temperature data
in their research on topics varying from pest
control to climate change. By collecting soil
temperature data, GLOBE students make a
significant contribution to the understanding of
our environment.

GLOBE® 2003
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Teacher Support

Preparation

Before students collect data and once every three
months thereafter, have students calibrate the soil
thermometer following the Calibrating the Soil
Thermometer Lab Guide. This will ensure that the
students’ measurements are accurate.

To ensure that students take soil temperature
measurements at the correct depths, have them
use spacers when they insert the thermometer into
the ground. These spacers are easily made
according to the following procedures. See Figure
SO-TE-1.

5 cm Measurement

1. Measure 7 cm up from the tip of the soil
thermometer and mark this spot. (Note
that the location of the temperature sensor
is typically 2 cm above the tip of the
thermometer.)

2. Measure the distance from the base of the
soil thermometer dial to the 7 cm mark.

3. Make a spacer by cutting a piece of plastic
tubing or wood to this length. (If using
wood, drill a hole through the center of
the block).

4. Insert the soil thermometer through the
spacer. 7 cm of the thermometer should be
sticking out of the bottom of the spacer.

5. Label this spacer 5 cm Measurement.

10 cm Measurement

1. Measure 12 cm up from the tip of the soil
thermometer and mark this spot.

2. Measure the distance from the base of the
soil thermometer dial to the 12 cm mark.

3. Make a spacer by cutting a piece of plastic
tubing or wood to this length. (If using
wood, drill a hole through the center of
the block).

4. Insert the soil thermometer through the
spacer. 12 cm of the thermometer should
be sticking out of the bottom of the spacer.

5. Label this spacer 10 cm Measurement.

Alternatively, students can mark their
thermometers so they will be inserted to the
proper depth in the soil. Thermometers can be
marked with a permanent marker. The
thermometer should be marked 7 cm from the
tip to get a 5 cm measurement and 12 ¢cm from
the tip to get a 10 cm measurement.

Site Selection

Soil temperature data are collected in the vicinity
of the Atmosphere Study Site or the Soil Moisture
Study Site.

Managing Materials

The soil temperature measurement requires
inexpensive equipment. Consider buying three
soil thermometers. Since the data are collected in
triplicate, having three thermometers reduces the

Figure SO-TE-1: Making Spacers for Your Soil Temperature Probe

5 cm Pilot Soil Thermometer 10 cm Pilot Soil Thermometer
Spacer - Spacer
i 12cm
Nail 7cm Nail
N o _

7cm

_ 12cm
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data collection time. This may allow collection of
data daily — data collected more often are more
useful for research and in the classroom.

Soil thermometers will break if students try to force
them into the ground. It is advisable to have the
students make pilot holes unless the soil is soft
(i.e., loose or friable). Mark the nail for the pilot
hole with a permanent marker or by scribing with
a hacksaw at 5 ¢cm, 7 cm, 10 cm, and 12 c¢m.

The soil thermometers should not be left
permanently in the ground. The soil thermometers
are not sealed to protect them against moisture,
soitisnot a good idea to leave them outside when
not in use. (See the Optional Soil and Air
Temperature Protocol for probes that can be left in
the ground.)

Managing Students

Two — three students collect soil temperature data.

Frequency of Measurement

Soil temperature data is collected daily or weekly.
Every three months, on two consecutive days,
students should take measurements at least 5 times
each day at intervals of approximately two to three
hours following the Soil Temperature Protocol —
Diurnal Cycle Measurement Field Guide. While a full
daily cycle is typically 24 hours — the intention
here is to capture the daytime part of this cycle.

Measurement Procedures

After selecting an appropriate site, a pilot hole is
made to a depth of 5 cm and the temperature probe
is inserted and read after 2-3 minutes. The pilot
hole is then deepened to 10 cm and the
temperature probe is again inserted and read after
the temperature reading stabilizes. This process is
repeated twice more within a meter of the original
measurement and should take a total of about 20
minutes. Students measure the soil temperature
three times at depths of 5 cm and 10 cm.

The three measurements taken at the same depth
within 25 cm should be similar. If one data point
is anomalous (very different from the others),
scientists using the data may question whether it
is valid. Students should note in the metadata any
reasons they suspect there may be an anomaly.

Soil temperature measurements can be used to
begin quantitative GLOBE measurements on the
school grounds before an atmosphere shelter is
established. Equipment is taken outside for the
measurements and then brought back to the
classroom avoiding security issues.

Supporting Activities
Encourage students to examine the relationship
between soil temperature and soil characteristics.

Have students compare soil temperatures to air
and water temperatures.

Have students examine seasonal soil temperature
fluctuations.

Have students describe or draw a graph of how
they would expect soil temperatures to change at
different depths. Students should explain why
they have drawn the graphs as they have. They
then compare their graphs to actual data from the
GLOBE Web site visualizations. Have students
discuss other variables that might be affecting the
soil temperature pattern.

Have students do the Surface Temperature Protocol
in the Atmosphere Investigation. In this protocol,
students measure surface temperatures. These
measurements can be related to soil temperatures.

Questions For Further Investigation

Is soil temperature or air temperature warmer at
local solar noon?

How warm must soil get in your area before seeds
sprout?

To what depth does your soil freeze?

How are other GLOBE measurements related to
soil temperature?

Are the time of maximum air temperature and
the time of maximum soil temperature at a 10 cm
depth constant throughout the year?

GLOBE® 2003
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Galibrating the Soil Thermometer

Lab Guide

Task

Calibrate the soil thermometer.

What You Need

[] Soil thermometer [] Water

[] Calibration thermometer (determined L] Wrench that fits nut on soil thermometer
to be accurate to + 0.5° C using the
ice bath method described in the [] Science Log
Atmosphere Chapter)

[] 500-mL beaker

In the Lab

1

. Pour about 250 mL of water at room temperature into a beaker.
. Place both the calibration thermometer and the soil thermometer into the water.

. Check that the water covers at least the lower 4 cm of both thermometers. Add more water if

needed.

. Wait 2 minutes.
. Read the temperatures from both thermometers.

. If the temperature difference between the thermometers is less than 2° C, stop; your soil

thermometer is calibrated.

. If the temperature difference is greater than 2° C, wait two more minutes.

. If the temperature difference is still greater than 2° C, adjust the soil thermometer by turning

the calibration nut at the base of the dial with the wrench until the soil thermometer reading
matches the calibration thermometer.
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50il Temperature Protocol

Field Guide

Task

Measure soil and air temperature.

What You Need

[1 Soil Temperature Data Sheet [] Watch

[] Soil Thermometer [] Science Log

[] Thermometer spacers [] Pen or pencil

(] 12 cmor longer nail marked at [] Hammer (if soil is extra firm)

5cm, 7 cm, 10 cm and 12 ¢cm from
its point (if soil is firm or extra firm)

In the Field
1. Fill in the top portion of the Soil Temperature Data Sheet.

2. Locate your sampling point (If soil is soft, skip step 3).

3. Use the nail to make a 5 cm deep pilot hole for the thermometer. If the soil is extra firm and
you have to use a hammer, make the hole 7 cm deep. Pull the nail out carefully, disturbing the
soil as little as possible. Twisting as you pull may help. If the soil cracks or bulges up, move 25
cm and try again.

4. Insert the thermometer through the longer spacer so that 7 cm of the probe extends below the
bottom of the guide. The dial should be against the top of the spacer.

5. Gently push the thermometer into the soil.
6. Wait 2 minutes. Record the temperature and time in your Science Log.
7. Wait 1 minute. Record the temperature and time in your Science Log.

8. If the 2 readings are within 1.0° C of each other, record this value and the time on the Soil
Temperature Data Sheet as Sample 1, 5 cm reading. If the 2 temperatures are not within 1.0° C,
continue taking temperature readings at 1-minute intervals until 2 consecutive readings are
within 1.0° C.

9. Remove the thermometer from the hole. (If the soil is soft, skip step 10.)
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Soil Temperature Protocol Field Guide - Page 2

10.

11.

12.

13.

14.

15.

16.

17.

Use the nail to deepen the hole to 10 cm. If you have to use a hammer, deepen the hole to
12 cm.

Replace the long spacer with the shorter one so that 12 cm of the thermometer extends below
the bottom of the spacer. Insert the thermometer in the same hole. Gently push down until
the thermometer tip is 12 cm below the surface.

Wait 2 minutes. Record the temperature and time in your Science Log.
Wait 1 minute. Record the temperature and time in your Science Log.

If the 2 readings are within 1.0° C of each other, record this value and time on the Soil
Temperature Data Sheet as Sample 1, 10 cm reading. If the 2 temperatures are not within 1.0°
C, continue taking temperature readings at 1-minute intervals until 2 consecutive readings are
within 1.0° C.

Repeat steps 2 — 14 for 2 other holes 25 cm away from the first hole. Record these data on the
Soil Temperature Data Sheet as Sample 2, 5 and 10 cm and Sample 3, 5 and 10 cm.
Note: These three sets of measurements must all be made within 20 minutes.

Wipe clean all the equipment.

Read and record the current air temperature from the thermometer in the instrument shelter
or following the Current Temperature Protocol in the Atmosphere Chapter.
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S0il Temperature Protocol -
Diurnal Cycle Measurement

Field Guide

Task

Measure soil and air temperature at least five times a day for two days.

What You Need

U Diurnal Cycle Soil Temperature Data Sheet L] Hammer (if soil is extra firm)

[ Soil thermometer L] Watch
[] Soil Thermometer spacers [] Pen or pencil
[J 12 cm or longer nail marked at [J Science Log
5cm, 7 cm, 10 cm and 12 cm
from its point (if soil is not soft) [] Thermometer (for current air temperature)
In the Field

1. Fill in the top portion of the Diurnal Cycle Soil Temperature Data Sheet, choose your first
sampling point and skip step 2.

2. Locate your sampling point 10 cm from your previous measurements (If soil is soft, skip to
step 4).

3. Use the nail to make a pilot hole 5 cm deep for the thermometer. If the ground is extra firm
and you have to use a hammer, make the hole 7 cm deep. Pull the nail out carefully,
disturbing the soil as little as possible. Twisting as you pull may help. If the soil cracks or
bulges up, offset 10 cm and try again.

4. Insert the thermometer through the longer spacer so that 7 cm of the thermometer extends
below the bottom of the guide. The dial should be against the top of the spacer.

5. Gently push the thermometer into the soil.
6. Wait 2 minutes. Record the temperature and time in your Science Log.
7. Wait 1 minute. Record the temperature and time in your Science Log.

8. If the 2 readings are within 1.0° C of each other, record this value and the time on the Diurnal
Cycle Soil Temperature Data Sheet for the current sample, 5 cm reading. If the 2 temperatures
are not within 1.0° C, continue taking temperature readings at 1-minute intervals until 2
consecutive readings are within 1.0° C.

9. Remove the thermometer from the hole (If the soil is soft, skip step 10).
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10. Use the nail to deepen the hole to 10 cm. If you have to use a hammer, deepen the hole to
12 cm.

11. Replace the long spacer with the short one so that 12 cm of the thermometer extends below
the bottom of the spacer. Insert the thermometer in the same hole.

12. Wait 2 minutes. Record the temperature and time in your Science Log.
13. Wait 1 minute. Record the temperature and time in your Science Log.

14. 1f the 2 readings are within 1.0° C of each other, record this value and time on the Diurnal
Cycle Soil Temperature Data Sheet for the current sample, 10 cm reading. If the 2 temperatures
are not within 1.0° C, continue taking temperature readings at 1-minute intervals until 2
consecutive readings are within 1.0° C.

15. Read and record the current air temperature from the thermometer in the instrument shelter
or following the Current Temperature Protocol in the Atmosphere Chapter.

16. Repeat steps 2-15 every 2 to 3 hours for at least 5 measurement times

17. The next day, repeat steps 2-16.

Figure SO-TE-2: Soil Temperature: Layout of Diurnal Observation

10cm

8:00 10:00 12:00 14:00
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Soil Temperature Protocol
— Looking at the Data

Are the Data Reasonable?

Graphing soil temperature data is a useful way to
determine temperature trends and variations. For
example, the graphs for one year of soil
temperatures at 5 cm and 10 cm depths at three
locations covering a wide range of latitudes show
some interesting inclinations; Valdres, Norway
(61.13° N, 8.59° E: Figure SO-TE-4), Cleveland,
OH, USA (61.13 N, -81.56° W: Figure SO-TE-4),
and Kanchanaburi, Thailand (14.49° N, 99.47° E:
Figure SO-TE-5). These graphs indicate that soil
temperatures at 5 cm and 10 cm depths follow
similar patterns in variation over time.

Soil temperature data generally show daily and
seasonal trends that are similar to air temperature.
The next set of graphs shows soil temperature at
5 cm and mean air temperature for the same
schools as the previous graphs. See Figures
SO-TE-6, SO-TE-7, SO-TE-8. Note that the axis
for air temperature is on the left and the axis for
soil temperature is on the right.

The following questions can be asked to determine
whether the data in the graphs are reasonable:

* Atwhich depth is the soil temperature generally
warmer? Is this true for all three locations? Is
this true throughout the entire year?

* What is the relationship between soil
temperature and air temperature? Is it the
same for all three locations? Is it the same
throughout the course of the year?

* Which temperature, air or soil, has a
greater annual temperature range in the
graphs shown?

Students can determine whether their data are
reasonable by comparing with data from other
schools and asking similar questions.

By looking at graphs of their soil and air
measurements, students will get a better
understanding of the temperature trends at their
site. Graphing their soil temperature data is also
useful to identify data points that do not make
sense. These data points are referred to as
anomalies. They can be the result of a natural

phenomenon or a problem with the data collection
procedure. Graphs also allow students to see annual
or daily trends in the soil temperatures.

Questions students should ask when analyzing
graphs of their soil temperature data include the
following:

* What is the mean temperature?

* What is the range of the data (difference
between maximum and minimum)?

» How variable are the data on different time
scales (daily, weekly and monthly)?

* If a regular pattern is interrupted, is there a
reason for this break in other data sets or in
the metadata?

* Do the data represent a spatial or temporal
average (Note that some scientists use
equipment or data processing that
automatically averages quantities such as
temperature over longer time periods. In
general, GLOBE data represent instantaneous
measurements of a particular parameter)?

Following are some trends that students should
notice in their soil temperature data:

* A correlation or similarity between the 5
and 10 cm soil temperature data.

* Soil temperature trends should appear
similar to air temperature trends.

What Do Scientists Look for in the Data?

Scientists compare changes in soil temperature with
soil characteristics to determine how different soils
heat and cool. Since heat generally increases the
speed of physical, chemical, and biological
reactions, scientists use soil temperatures to predict
the rate at which processes such as seed germination
will occur.

Scientists are particularly interested in long-term
soil temperature data. Comparing soil, air, and water
temperatures over many years helps them to
understand changes in global climate and the many
processes related to it, such as soil and permafrost
formation. Long-term data are needed to determine
the persistence or trend of any observed changes.

Scientists also use ground observations together
with models at different scales and with other data
sets, such as satellite thermal infrared images to
validate or extrapolate their understanding from one
area to another.

GLOBE® 2003

Soil Temperature Protocol - 10 Soil



Figure SO-TE-3

o
ﬁ ‘“lang bame=— og ungdomaskule (E—16} — Voldres HC
14
a
E E
I I
] a 4]
_\E
—in
4 Sl Tarmparature at 5 omi SM3—01 achod keddan, s 20—
o Seil Tarmparabura ot 10 cm: 545-01 echool locabion, 20— el
Figure SO-TE-4

i
% Clevelond Heighta High School — Cleveland He=ight= OH |

m: ......................
15}
i - : :
) 1{.: ....... ....... ]
L C : : ]
52 ....................
a B _:|:|
) v 7 K itk
4 Sl Tarnperature at S omi SME—01 Atmeaphbade She on 2 — gl
o Scil Tarmparobura ot 10 cm: SW5-01 Atmospharie Sika o 20 — el

GLOBE® 2003 Soil Temperature Protocol - 11 Soil



Figure SO-TE-5
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Figure SO-TE-7
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An Example of a Student Research
Project

Forming a Hypothesis

While looking at soil temperature data from a
number of GLOBE schools, a group of students
observed that at some schools the soil temperature
at 5 cm was higher than the soil temperature at
10 cm but at other schools this pattern was
reversed. The students wondered if this was
random or if it was related to the time of year and
air temperature. They looked at graphs of data
from other GLOBE schools and decided to form a
hypothesis based on their knowledge. Their
hypothesis was: Soil temperature at 5 cm depths will
be greater (warmer) than soil temperature at 10 cm
depths in the summer and less (colder) than soil
temperature at 10 cm depths in the winter.

Collecting Data

Because the students were located in a mid-
latitude climate, they wanted to test their
hypothesis with a school at a latitude similar to
their own. The students chose Norfork Elementary
School, Norfork, AR (36.20° N, 92.27°W), a mid-
latitude school whose students had collected two
years of soil temperature data (Figure SO-TE-9)
and two years of air temperature data. The
students plotted the soil temperature at 5 cm and
10 cm on the same graph to compare differences
in these depths over the two years.

Analyzing Data

In looking at this graph, the students concluded
that the data points were too close together to
determine if their hypothesis was true or not. They
decided to do some further data analysis. They
began by subtracting the temperature at 10 cm
from the temperature at 5 cm to calculate the
temperature difference between the two depths.
When the differences were negative, the deeper
soil was warmer than the soil closer to the surface
and when they got positive differences, the reverse
was true. Then, they plotted the temperature
differences over time to determine whether their
hypothesis was correct.

Conclusions

From Figure SO-TE-10, the students could see
that the negative values, representing times when
the 10 cm soil was warmer than the 5 cm soil,
occurred primarily in the fall (September, October
and November) and winter (December, January,
and February) months. However, there were many
instances during the winter when the differences
were positive, that is, the temperature at 5 cm
was warmer than the temperature at 10 cm.
Therefore, the students concluded that the data
refuted their original hypothesis that soil
temperatures at 10 cm would be warmer in the
winter, as this was not always true.

Although the students found that their hypothesis
was not true all of the time, the graph they made
did confirm their idea that the 10 cm soil
temperatures would be warmer than the 5 cm soil
temperatures but only during the cooler months.
To get a better view of this, the students generated
a plot that showed the difference between 5 cm
and 10 cm soil temperatures and mean air
temperature. See Figure SO-TE-11. Note that the
axis for soil temperature difference is on the left
and the axis for air temperature is on the right.
From this graph the students were able to
conclude that at this site, air temperature must
be low (< 5° C) for the soil temperature at 10 cm
to be greater than the soil temperature at 5 cm.
This conclusion made sense to the students. They
reasoned that when the air temperature is warm,
it warms the soil closer to the surface first, but
when the air is cool, it will cool the soil closest to
the surface first, leaving the more insulated deeper
soil warmer.

Further Research

The students working on this project wondered
if the relationship they observed would be the
same in other parts of the world. They performed
the same analysis on the soil and air temperature
from two other schools, one in Norway, (Figure
SO-TE-12) a much cooler climate, and one in
Thailand, (Figure SO-TE-13) a much warmer
climate.
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The students saw from these graphs that the
relationship between soil and air temperature that
they observed in the data from Arkansas was
similar to Norway’s but not Thailand’s. This led
them to conclude that the climate and/or soil type
of a region must affect this relationship. In
particular, they speculated that many other warm
and wet regions might not fit this pattern. The
students were excited to collect enough data at
their own school to study changes in 5 cm and
10 c¢m soil and air temperatures throughout the
year.
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Figure SO-TE-9
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Gravimetric Soil
Moisture Protocols

Purpose

To measure soil water content by mass

Overview

Students collect soil samples with a trowel or
auger and weigh them, dry them, and then weigh
them again. The soil water content is determined
by calculating the difference between the wet
sample mass and the dry sample mass.

Student Outcomes
Students will be able to collect soil samples from

the field and then measure their soil moisture
and record and report soil moisture data.

Students will be able to relate soil moisture
measurements to the physical and chemical
properties of the soil.

Science Concepts

Earth and Space Sciences

Earth materials are solid rocks, soil, water,
biota, and the gases of the atmosphere.

Soils have properties including color,
texture structure, and density; they
support the growth of many types of
plants and serve numerous other
functions in the ecosystem.

The surface of Earth changes.

Soils consist of rocks and minerals less than
2 mm, organic material, air and water.

Water circulates through soil affecting its
properties.

Physical Sciences
Objects have observable properties.

Scientific Inquiry Abilities
Identify answerable questions.

Design and conduct an investigation.

Use appropriate mathematics to analyze
data.

Develop descriptions and explanations
using evidence.

Communicate procedures and
explanations.

Time
20-45 minutes to collect samples

5-15 minutes to weigh wet samples
5-15 minutes to weigh dry samples

Samples dry in a drying oven overnight.

Alternatively, samples can be dried in a
microwave. They need to be weighed
repeatedly during the drying process. This
method requires more student time.

Level
All

Frequency

To support the GLOBE soil moisture
campaign, the following time periods are
encouraged for as many sites as possible:

First 2 weeks of October, in conjunction with
World Space and Earth Science Week

Fourth week in April in conjunction with
Earth Day Week

Additionally, twelve or more times per year
for the same site at daily, weekly or monthly
intervals

Materials and Tools

Soil drying oven or microwave

Thermometer (capable of measuring to
110° C) if using a drying oven

Microwave-safe container if using a
microwave oven for soil drying

Balance or scale with 0.1 g sensitivity
(600 g capacity recommended,
400 g minimum capacity required)

Hot pad or oven mitt

Meter stick

Ruler marked in millimeters

Permanent markers to label soil
containers
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Star Pattern: Preparation

Star Pattern Soil Moisture Data Sheet Decide upon the sampling frequency and
Trowel method.
6 soil collection containers (sealable soil

. ) Weigh each soil sample container without its
sample cans, jars or plastic bags)

lid and record its mass and container number

Transect: .
, , on the container.
Transect Soil Moisture Data Sheet
ol Choose and define a soil moisture site.

50 meter tape or 50 meter rope marked
every 5 meters

13 soil collection containers (sealable soil None
sample cans, jars or plastic bags)

Depth Profile:

Depth Profile Soil Moisture Data Sheet

Auger

Prerequisites

5 soil collection containers (sealable soil
sample cans, jars or plastic bags)

GLOBE® 2003 Gravimetric Soil Moisture Protocols - 2 Soil



Gravimetric Soil Moisture
Protocol = Introduction

Soil acts like a sponge spread across the land
surface. It absorbs rain and snowmelt, slows run-
off and helps to control flooding. The absorbed
water is held on soil particle surfaces and in pore
spaces between particles. This water is available
for use by plants during times of little
precipitation. Some of this water evaporates back
into the air; some drains through the soil into
groundwater. Absorbent soils, like those found
in wetlands, soak up floodwaters and release them
slowly, preventing damaging runoff. Soils that are
saturated with water have no available space to
hold additional water causing new rainfall to flow
across the surface to low lying areas. Measuring
the amount of water stored in the soil determines
the ability of soil to moderate the hydrologic cycle.
This valuable environmental indicator also helps
to estimate the soil-water balance — the pattern of
how much water is stored in a soil over a year.

In order for most plants to grow, they need a place
to take root, water, and nutrients. Generally, the
nutrients come from dissolved soil minerals and
organic matter and are carried to plants by soil
water. Sometimes water flowing downward
through the soil removes chemicals and nutrients
from upper soil layers and deposits them deeper
in the ground. The process by which materials
are removed from the soil by water is known as
leaching. Leached materials may be held in lower
layers of the soil or may stay in the water and
flow into rivers, lakes, and groundwater.

Water is an important element in the weathering
processes that break rock apart to form soil. For
example, in cold climates, water in cracks will
freeze and expand, causing rocks to break apart.
When water thaws and flows away, it moves
broken rock parts with it. This freeze-thaw action
is a primary soil builder. In tropical climates, water
breaks rock apart and helps to form soil particles
and minerals by dissolving the rock.

Water also supports the decay of dead plants and
animals into soil organic matter but only when
oxygen from the air is present. In some places,
the soil is so waterlogged that oxygen is excluded
and plant and animal remains are preserved for
centuries because of their slow rate of
decomposition.

Some of the water stored in the soil evaporates
back into the atmosphere. This evaporation cools
the soil and increases the relative humidity of the
air, sometimes affecting local weather and climate.
The amount of water in the soil also affects soil
temperature. Because liquid water has a higher
heat capacity than either air or soil, more heat is
required to increase the temperature of moist soil.
Water in soil decreases the rate of soil warming
and increases the rate of soil cooling, so moist
soils tend to be cooler than dry soils.

GLOBE® 2003
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Teacher Support

Preparation

Before beginning the Soil Moisture Protocol, have
students fill out the Soil Moisture Site Definition
Sheet. Have students weigh their soil sample
containers in advance and write the mass on each
container with a permanent marker. Mark each
container with an identifying number.

Frequency of Measurement

To support the GLOBE soil moisture campaign,
every GLOBE school is encouraged to make at
least one triplicate soil moisture measurement
twice a year during the first 2 weeks of October,
in conjunction with World Space and Earth
Science Week and the fourth week of April in
conjunction with Earth Day Week. This is also a
good opportunity to collect land cover data at any
soil moisture site that is homogenous over a
90 m by 90 m area.

In addition, soil moisture data are collected at a
single site close enough to a school so that soil
moisture data can be collected for at least 12
regularly spaced intervals. Students may want to
coordinate their soil moisture sampling times with
the collection of other GLOBE measurements that
may affect soil moisture, such as precipitation. If
students identify the annual pattern of
precipitation at their school, then they may want
to collect soil moisture samples when the soil
changes from wet to dry conditions. For example,
if the school receives rain in early March then less
rain in May, students could do a 12-week study
from March though May. If the rainy season is
spread out, students might do a study taking
samples every 2 weeks for 24 weeks, or even a
monthly sample throughout the year.

The number of sampling times can always be
increased, but students should try to sample the
wet, intermediate and dry times surrounding
major wet periods. Sampling once or twice a week
all year will definitely provide students with
valuable insights into patterns of soil moisture.

Measurement Procedures

It is important for students to place soil samples
in well-sealed containers and to weigh the samples
(without their lids), as soon as possible after
collecting them. If samples dry out even a little
before being weighed, the soil moisture data will
be wrong.

Samples are dried until all water is removed and
then weighed for a second time. The difference in
the mass before and after drying equals the mass
of water that was present in the soil. Scientists
call this the gravimetric technique, which means
a measurement by weighing.

The ratio of the mass of water to the mass of dry
soil is the soil water content. The mass of water is
divided by the dry soil mass to get a normalized
value for soil water content. This normalized value
can be compared with other measurements on
other days even though the size of the soil samples
may vary from one day to the next. It also permits
valid comparisons among different sites.

The Soil Moisture Protocol offers three choices for
sampling: the Star Pattern, the Transect, and the
Depth Profile. The purpose of the sampling patterns
is to systematically avoid digging in the same place
twice. Choose the sampling pattern that best
complements the other GLOBE measurements
students are taking, as well as educational
objectives and students’ research interests.

1. The Star Pattern involves collecting soil
samples from 12 different locations at
twelve different time periods in a
2 m x 2 m star-shaped area. For each of
the 12 locations, three spots are chosen
within 25 cm of each other. Samples from
the top 5 cm and from 10 cm deep are
collected at each of the three spots, for a
total of 6 samples at each location on the
star. This sampling method can be easily
coordinated with the Soil Temperature
Protocol, whereby students collect their
soil temperature measurements at the
same depths and locations as the soil
moisture measurements.

2. The Transect Pattern requires an open space
of at least 50 m length. Thirteen samples
are collected from the top 5 cm of soil.

GLOBE® 2003
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This pattern allows students to see spatial
variations in surface soil moisture
measurements. It is also useful for
comparison with soil moisture data
collected remotely from satellites or
aircraft. These remote measurement
techniques sense moisture contained in
the top 5 cm of soil and their
measurements are averaged over areas of
1005 of square meters or more.

3. The Depth Profile involves taking a sample
of the top 5 cm and the use of an auger to
take soil samples at depths of 10 cm,

30 cm, 60 cm, and 90 cm. Using an auger
takes a bit of extra time, but this effort
gathers valuable data and complements
the Soil Characterization Protocol and the
Optional Air and Soil Temperature Protocol.

To reduce the labor involved in microwave oven
drying, students should leave their soil samples
to air dry uncovered for a few days after measuring
their initial wet weights and then dry them in the
microwave.

Gravimetric soil moisture sampling disturbs the
natural state of the soil, so students should never
sample twice from the same point within a period
of several years. They can either offset the transect
or shift the center of their star within a 10 m
diameter area.

Managing Materials

Make sure that soil sample containers can be
tightly sealed to prevent moisture from
evaporating. Soil cans will rust unless they are
thoroughly dried after each use.

If you must use labels on the containers, make
sure that they will not come off during the oven
drying process.

Remember that lids must be removed for drying,
so weigh containers without their lids.

Balances should be placed on flat surfaces and
calibrated before use.

Managing Students

Soil moisture samples can be collected most
efficiently by small groups of students: one or two
students for each pair of 5 cm and 10 cm samples
in the Star Pattern, one or two students per station
along the Transect, and two to four students for
the depth profile samples. These same students
or a few additional students can do the Soil
Temperature Protocol at the same time.

Supporting Activities

To introduce students to the concepts that soil
holds water, that there are many variables affecting
how much water soil holds, and that water quality
is affected as it passes through the soil, have them
do the Just Passing Though Learning Activity.

To help students better understand the concept
of soil water content, have them do the Soils as
Sponges Learning Activity.

Questions For Further Investigation

What other GLOBE schools have patterns of soil
moisture similar to yours?

How many weeks of the year is your soil relatively
wet or relatively dry?

Does soil moisture change during the winter?

Which areas around your school are usually dry
or wet? Why?

‘Which holds the most water: clay, sand, or silt? Why?
Which provides the most moisture to plants?

Does the type of land cover affect the amount of
water that enters the soil? Does it affect the rate at
which soil dries out following a rainstorm?

How does the porosity of a soil horizon relate to
the amount of water that horizon can hold?

How does soil water content change from one
horizon to another in the same profile?

What happens to the downward flow of water if
there is a coarse textured (sandy) horizon
overlying a horizon with high clay content? What
happens to water flow if a clayey horizon is found
over a sandy horizon?

How are soil moisture and relative humidity
related?

GLOBE® 2003
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star Pattern Soil Moisture Protocol

Field Guide

Task

Collect soil moisture samples at depths of 0-5 cm and 10 cm.

What You Need Temperature Probe  Moisture Sample

L] Star Pattern Soil Moisture Data Sheet

[ Compass (to locate sampling point)

N
I
L] Trowel 1 ° ‘ ‘ . ‘.\2

[] 6 soil sample containers weighed and

Location Location

S
L S ’ Y

. . ‘\\ /' . " L[] E é
labeled with their mass and a 7Q)---- OAD--- Q3 2
container number e § o 7 g
‘\\ /" H \\ . 'I’ v
[] Meter stick ‘\./ . E \’»'
1 Ld 3
M . 1 6 . A o4
Ruler marked in millimeters o ~~‘~—

[] Science Log

[] Pen or pencil

In the Field

1.

S~ W N

O© W ~N O W

10.
11.
12.

Complete the top portion of the Star Pattern Soil Moisture Data Sheet.

. Locate your sampling point on the star and cut or pull away any grass or groundcover.
. Dig a hole 10-15 cm in diameter down to 5 cm. Leave the soil loose in the hole.

. Remove from the loose soil any rocks larger than a pea (about 5 mm), large roots, worms,

grubs, and other animals.

. Use your trowel to fill a soil container with at least 100 g of the loose soil.

. Immediately seal the container to hold in the moisture.

. Record the container mass and number on the Data Sheet next to Sample 1, 0-5 cm.
. Remove all of the soil from the hole down to a depth of 8 cm.

. In a clean container, collect a soil sample that contains the soil between 8 and 12 cm.

Remember to remove rocks, large roots, and animals. Seal the container.
Record the container mass and number on the Data Sheet next to Sample 1, 10 cm.
Return remaining soil to the hole.

Repeat steps 3 — 11 twice in new holes within 25 cm of the original sample point filling the

2 meter
e B e LR L L LR

other four cans and recording the container numbers and masses for samples 2 and 3 at both

depths. You should have six containers of soil taken from three holes.
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Transect Soil Moisture Protocol

Field Guide

Task

Collect soil moisture samples at a depth of 0-5 cm along a 50 meter transect.

What You Need

L] Transect Pattern Soil
Moisture Data Sheet

] Trowels (1 per student group)

[J 13 soil sample containers weighed
and labeled with their mass and
a container number

[] 50 meter tape or 50 meter
rope marked every 5 meters

[] Rulers marked in millimeters
(1 per student group)

[] Science Log

[J Pen or pencil

In the Field

2
& L
e ® - L
,Lc)(, e N - \\e v
T @ Tofe® e
ﬁ 2 \C,,@’\\O“/,

(One Point)
.‘ ¥ (Triplicate)

.o‘\“ 50 cm
@ -0

A0

o®

»"

A,—" * Temperature Probe Location

1. Complete the top portion of the Transect Pattern Soil Moisture Data Sheet.

2. Stretch out your rope or measuring tape along the transect you will measure.

3. Locate your sampling point along the transect. Sample points should be every 5 meters along
the transect, plus 2 extra samples taken at one end of the transect within 25 cm of the end
point. Sample points should be numbered starting with Sample 1 at the beginning of the

transect.

4. Cut or pull away any grass or groundcover above your sample point.

5. Dig a hole 10-15 cm in diameter down to 5 cm. Leave this soil loose in the hole.

6. Remove from the loose soil any rocks larger than a pea (about 5 mm), large roots, worms,

grubs, and other animals.

7. Use your trowel to fill your soil container with at least 100 g of the loose soil.

8. Immediately seal the container to hold in the moisture.

9. Record the container number, mass, and distance to the start point of the transect on the Data
Sheet next to the appropriate Sample Number.

10. Continue to collect a sample at each sampling point along the transect. Remember to remove
rocks, large roots, and animals. Seal each container and record the sample number and
distance from the start point of the transect on the Data Sheet.

Including the extra 2 samples taken near the end point, you should have 13 containers of soil

taken from along your transect.

GLOBE" 2003
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Depth Profile Soil Moisture Protocol

Field Guide

Task

Collect soil moisture samples at depths of 0-5 cm, 10 cm, 30 cm, 60 cm and 90 cm.

What You Need

[J Depth Profile Soil Moisture
Data Sheet

[ Compass (to locate sampling point) [] Meter stick

L] Trowel [] Science Log

[ Auger [] Pen or pencil

In the Field

1.

10.
11.

12.

Complete the top portion of the Depth Profile Soil Moisture
Data Sheet.

. Locate your sampling point on the star and cut and pull away

any grass or groundcover.

. With the trowel, dig a hole 10-15 cm in diameter down to 5

cm. Leave this soil loose in the hole.

. Remove from the loose soil any rocks larger than a pea (about

5 mm), large roots, worms, grubs, and other animals.

. Use your trowel to fill your soil container with at least 100 g

of the loose soil.

. Immediately seal the container to hold in the moisture.

. Record the container number and mass on the Data Sheet next

to Sample Depth 0-5 cm.

Remove rocks, large roots and animals. Seal the container.

[] 5 soil sample containers weighed and labeled
with their mass and a container number

0-5cm

10 cm

30cm

60 cm

90 cm

. Use the auger or trowel to remove all of the soil from the hole down to a depth of 8 cm.

. In a clean container, collect a soil sample that contains the soil between 8 and 12 cm deep.

Record the container number and mass on the Data Sheet next to Sample Depth 10 cm.

Continue to auger down to obtain samples centered at 30, 60, and 90 cm. Record the

container numbers and mass values on the Data Sheet.

You should have 5 containers of soil taken from 1 hole. Return the remaining soil to the hole

— last soil out, first in.

GLOBE® 2003 Gravimetric Soil Moisture Protocols- 8
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Gravimetric Soil Moisture Protocol

Lab Guide

Task

Weigh soil moisture samples, dry them completely, and weigh them again.

What You Need

[] Soil drying oven [] Hot pads or oven mitts
(conventional or microwave)

[ Thermometer capable of measuring [ Soil Moisture Data Sheet with field
to 110° C (if using a conventional information filled in

drying oven)

[J Soil samples in containers suitable [J Science Log
for your drying oven

[] Balance or scale with 0.1 g sensitivity [] Pen or pencil
and at least 400 g capacity
(600 g recommended)

In the Lab

1. Calibrate the balance according to the manufacturer’s directions. In your science log, record
the standard mass used to calibrate the balance. If using an electronic balance, check that the
balance is measuring in grams and is zeroed properly.

2. Remove the lids from each soil sample.

W

. Weigh the soil sample without the lid. Record the mass to the nearest 0.1 g as the Wet Weight
next to the appropriate sample container number on the Soil Moisture Data Sheet.

. Repeat step 2 for the remaining soil samples.
. Dry your samples in your soil-drying oven.
. When your samples are dry, fill in drying time and drying method on the Data Sheet.

. Carefully remove the samples from the oven using the hot mitts.

w ~N o u

. Weigh one of the dry soil samples. Record the Dry Weight next to the appropriate container
number on the Soil Moisture Data Sheet.

9. Repeat step 8 for each soil sample.

10. Empty the soil from the containers. Clean and dry each container. (You may save the soil
samples in other sealed bags or containers for further tests or return the soil to your site)

Note: Dried soil should be returned to the site to fill in holes so site may be used in future years.
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Frequently Asked Questions

1. What should students do if they forgot to
weigh the empty soil containers before filling
them with samples in the field?

The soil collection containers can be weighed at
the end of the soil moisture protocols after
emptying the dried soil and cleaning the
containers thoroughly. Remember that any dried
soil left in the container will lead to an inaccurate
container mass.

2. What should students do if the
soil is frozen?

Take soil moisture measurements during
times when the soil is thawed.

&

3. The soil moisture site was watered
accidentally. Should students continue to
collect the next regular sample?

Yes, but make a note in metadata comments
regarding what happened and when it happened.

GLOBE® 2003
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Gravimetric Soil Moisture
Protocol -
Looking At the Data

Are the Data Reasonable?

The first step a scientist takes when examining
soil moisture data is to calculate the Soil Water
Content (SWC) for each sample using the
formula:

(Wet mass — Dry mass)
Soil Water Content =

(Dry mass — Container mass)

Soil water content typically ranges between 0.05
and 0.50 g/g (grams of water per gram of dry
soil). Even soils in dry (desert) regions retain a
small amount of water, although surface soils in
these regions can fall below 0.05 g/g. Soils with
high organic matter or high clay contents can hold
large amounts of water, so it is possible to measure
values above 0.50 g/g.

The amount of water a soil horizon can hold
depends on the amount of pore space (porosity)
available. Porosity can be calculated by using the
example given in the Looking At the Data section
of the Soil Particle Density Protocol.

Total porosity of a soil can range from as low as
25% in compacted soils to more than 60% in well
aerated, high-organic-matter soils.

Looking at some examples helps to understand
what different values of soil water content might
mean.

Soil Water Content and Soil Particle Density

Consider an organic layer of soil with 50% spaces
or voids between the soil particles with half of
these spaces filled with water. A 100 cm’ sample
would contain 50 cm? of soil, 25 cm?® of water,
and 25 cm’ of air. Typical densities of two different
soils and the density of water can be used to
illustrate the value of the soil particle density. The
mass of the air is negligible and the air will be
present in both the wet and dry samples.

50 cm’ of soil x 1.0 g/cm’ soil density = 50 g soil

25 cm’ of water x 1.0 g/cm’® water density = 25 g water

In this case the Soil Water Content would be 25 g of water divided by 50 g of soil or 0.5 g/g.

Now consider a 100 cm’ sample of a mineral soil with a density of 2.5 g/cm’. Again the sample contains

50 cm?® of soil, 25 cm?® of water, and 25 c¢m’ of air.

50 cm’ of soil x 2.5 g/cm? soil density = 125 g soil

25 cm’ of water x 1.0 g/cm’ water density = 25 g water

In this case the Soil Water Content would be 25 g of water divided by 125 g of soil or 0.2 g/g.

GLOBE® 2003
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Different soils with the same porosity and the same
amount of water present can vary significantly in
the value of Soil Water Content, and
understanding whether the values measured are
reasonable or not is easier if the soil
characterization protocols have been done for a
horizon.

Soils are expected to show an increase in water
content after a rain or during snowmelt, if the
soil is not frozen or saturated. Soils gradually dry
out during times with little or no precipitation.
How the soil dries at different depths depends on
the properties of the soil in each horizon. In some
cases, water enters the soil from below, when the
water table rises. The water content in these soils
may be more variable lower in the soil profile than
at the surface.

If it rains, some of the rainfall is expected to soak
or infiltrate into the ground and increase soil
moisture. This infiltration starts happening
immediately and can continue for several hours
if water continues to be available from a steady
rain or puddles. If infiltration continues until all
the poor space is filled, then the soil becomes
saturated. Most soils drain rapidly, usually within
hours or days. The field capacity of a soil is the
amount of water a soil will hold without
downward drainage or redistribution.

As the ground dries from evaporation and
transpiration, soil moisture decreases slowly, with
the soils closer to the surface usually drying faster
than deeper soils. Soil moisture decreases from
field capacity to a water content known as the
wilting point, (the point at which the soil holds
the water too tightly for plants to take it up).
Depending on the soil properties, soil
temperature, air temperature, and relative
humidity, it may take from days to weeks for the
wilting point to be reached. A general picture of
how soil water content changes in a single horizon
with time is illustrated in Figure SO-GR-1,
however, there are times when the actual data do
not follow this pattern.

Moisture content is affected by rainfall variation
and soil properties. In a soil profile some horizons
retain more water and have a greater porosity than

others, affecting the flow of water from one
horizon to another.

For example, if a sandy horizon is located above
a clayey horizon, water moving through the sandy
horizon will enter the clayey horizon very slowly
because of the difference between the large pores
in the sandy soil and the very small pores in the
clayey soil. The small pores act as a tight layer
that only lets water move gradually, so that the
sandy soil may actually be much wetter at a given
time than the clay.

Examining graphs of data collected at three
locations will help demonstrate the process to
determine whether data is valid or not. The
following graphs are used for this demonstration:
Valdres, Norway (61.13 N, 8.59 E): Figure SO-
GR-2, Stowe, Vermont (44.48 N, 72.708 W):
Figure SO-GR-3 and Herrenberg, Germany
(48.59 N, 8.88 E): Figure SO-GR-4. Each data
set includes rainfall, new snow rain equivalent,
and soil moisture.

For the first two schools, the classes chose to take
weekly measurements for three months. In this
case, the protocol calls for taking measurements
during periods when the soil moisture is
changing. The students in Valdres, Norway knew
from experience that melting winter snow would
result in wet soils initially, then drying out
gradually as summer approaches. Of course, near-
surface soil moisture can also increase during
spring rains (as happened on May 28 and later in
July).

The students in Stowe, VT decided to monitor
their soil moisture as it changed from dry summer
conditions to wet fall conditions. Again, the near-
surface soil moisture appears more variable,
drying significantly for a short period early in
October 2001. Conversely, the deeper 10 cm soil
moisture shows fewer extreme changes.

The class in Herrenberg, DE decided to take
monthly measurements for 12 months to
investigate the seasonal cycle of soil moisture in
their area. Despite a relatively wet climate, the
soil moisture shows a gradual dry-down,
particularly at the surface. The soil moisture at
10 cm shows less variation for most of the year.

GLOBE® 2003
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Figure SO-GR-1

Soil Water Content

S Rain Event

Days or Weeks

All three of these are interesting data sets.
Comparison with precipitation has helped explain
some of the variability while applying basic
climatic knowledge has helped explain some of
the longer-term trends. Knowing the soil
characterization properties (texture, bulk and
particle density, etc.) helps scientists and students
understand more about how water is moving or
stored in the soil.

What do scientists look for in the data?

Generally, scientists want to understand how water
cycles through the local or regional environment.
For example, they want to understand how
precipitation and melting snow relate to increases
in the water levels of streams, rivers, and lakes.
Soil moisture measurements help to understand
these processes. When soil moisture
measurements are available for a whole profile,
they can be used to predict floods, droughts, or
the optimal timing for crop irrigation. Scientists
also use soil moisture data with soil temperature,
relative humidity and land cover data, to estimate
the rate at which water is returned to the
atmosphere through evaporation and
transpiration.

Phenology scientists look at the effect of soil
moisture on the annual cycles of plants, such as
trees and annual grasses. In some forested regions,
tree growth begins in the spring when the soil
becomes moist and then stops during the summer
when the soil becomes dry.

Scientists are interested in soil moisture changes
over time. They are also interested in examining
the regional or spatial patterns of soil moisture
changes. Scientists focus on patterns rather than
the absolute values of the measurements because
soil moisture is a function of precipitation, soil
texture, infiltration rate and local weather
conditions.

Scientists would like to know the soil water
content over large areas and ultimately they hope
to use remote sensing data from satellites to help
measure this. Ground-based soil moisture data are
required in order to develop and assess the
methods for estimating soil moisture from
satellites. By contributing to GLOBE’s semiannual
soil moisture campaign, students are helping with
this exciting scientific advance.
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Figure SO-GR-2
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Figure SO-GR-4
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An Example of a Student Research
Project

Observations

Students at Stowe Elementary School in Vermont,
USA collected ten gravimetric soil moisture
samples over the autumn months. Figure SO-GR-
3 shows a plot of their soil moisture and
precipitation data.

Forming a Hypothesis

A common assumption is that soil moisture
increases after a rainfall. While this tended to be
the overall case for their surface soil moisture data,
the students noticed that there were exceptions.

They predicted that these exceptions occurred
when soil moisture samples were not collected
immediately after precipitation events. The
students felt that soil wetting and drying would
take longer and require more rainfall at 10 cm
depths than the near-surface soil. After looking at
their data, the students decided to test the
following hypothesis: Soil moisture at the surface
will increase if more than 10 mm of precipitation has
fallen in the previous 5 days and soil moisture at 10
cm will increase if more than 20 mm of precipitation
has fallen in the previous 10 days.

Collecting Data

The students chose to analyze their data set first,
and then look for other schools that had measured
weekly near-surface soil moisture to see if they had
similar relationships in their data. They broke into
teams, one to analyze their data and the other to
look for schools with at least 24 soil moisture
observations and more than 100 precipitation
observations in the same year. After printing the
graph of their data, the students made a table of
their data and downloaded it onto their computer.

Analyzing Data

One group of students used colored pencils to
mark the five and ten-day periods that preceded
each soil moisture observation and added the
rainfall amounts for these times to get the total
rainfall for each period. They organized their data
into a new table, shown below (Table SO-GR-1).
Another group of students calculated the change
in soil moisture from one reading to the next and
added this information to the table. Finally, the
class decided whether the data supported their
hypothesis or not. In a few cases, there was no
change in soil moisture so they modified their
original hypothesis to read, “...soil moisture should
increase or stay the same ...”

Table SO-GR-1: Stowe, VT 2001 Soil Moisture and Precipitation Data

Date 5-day 5 cm Soil  Change 10-day 10 cm Soil Change in
Precip. Moisture in Soil Precip. Moisture Soil
Sum (cm) (g/g) Moisture Agree?  Sum (cm) (g/g) Moisture Agree?
9/7/01 1.0 0.32 18.6 0.27

9/14/01 0.2 0.28 -0.04 Y 1.2 0.24 -0.03 Y
9/21/01 36.8 0.42 0.14 Y 37.0 0.33 0.09 Y
9/28/01 30.0 0.45 0.03 Y 66.8 0.33 0 Y
10/5/01 0.5 0.45 0 Y 30.5 0.37 0.04 Y
10/12/01 17.8 0.44 -0.01 N 17.8 0.35 -0.02 Y
10/17/01 11.8 0.26 -0.18 N 29.6 0.35 0 Y
10/25/01 33.5 0.4 0.14 Y 36.7 0.36 0.01 Y
11/2/01 14.5 0.49 0.09 Y 22.3 0.33 -0.03 N
11/9/01 14.4 0.53 0.04 Y 24.0 0.38 0.05 Y
11/16/01 4.8 0.55 0.02 N 7.0 0.44 0.06 N

70% 80%
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Opverall, the students’ hypothesis was consistent
with 70-80% of their observations. They
considered the results to reformulate a better
hypothesis. For example, they considered
changing the surface precipitation threshold to 12
mm, or actually calculating the depth to which
the soil would be wet based on the original soil
moisture content and the amount of rain that had
fallen. By carefully examining the situations where
the hypothesis failed, they might learn more about
soil moisture. For example, the surface data from
12 Oct. 2001 might be explained by the fact that
all 17.8 mm fell on the first day of the 5-day period
so it had time to evaporate or infiltrate into the
ground. The students’ hypothesis might not work
on 16 Nov. 2001 because the weather was colder
and the soil was approaching saturation.

Further Research

A similar analysis can be made of data from other
schools. Table SO-GR-2 reveals results for
springtime data collected in Valdres, Norway. The
percentage correct in each column is the same as
for the Stowe, VT data set. Students could look
for other similarities or differences or try to find
other locations around the world to see if this
pattern is consistent. Although these students only
looked at two years of data, they felt more
confident about predicting the relationship
between precipitation and soil moisture.

Table SO-GR-2: Valdres, NO 2000 Soil Moisture and Precipitation Data

Date 5-day 5 cm Soil Change 10-day 10 cm Soil  Change in
Precip. Moisture in Soil Precip. Moisture Soil
Sum (cm) (g/g) Moisture  Agree? Sum (cm) (g/g) Moisture  Agree?
4/12/00 1.9 0.46 5 0.36
4/16/00 5.5 0.55 0.09 N 5.6 0.3 -0.06 Y
4/19/00 11.2 0.45 -0.1 N 16.2 0.32 0.02 N
4/26/00 5.5 0.39 -0.06 Y 18.1 0.24 -0.08 Y
5/2/00 3 0.4 0.01 N 15.3 0.28 0.04 N
5/10/00 0 0.27 -0.13 Y 2.6 0.22 -0.06 Y
5/16/00 0 0.19 -0.08 Y 0 0.21 -0.01 Y
5/30/00 24.1 0.35 0.16 Y 28 0.22 0.01 Y
6/7/00 0 0.23 -0.12 Y 15 0.19 -0.03 Y
6/18/00 3.4 0.19 -0.04 Y 19 0.19 0 Y
7/3/00 68.5 0.4 0.21 Y 98.4 0.26 0.07 Y
7/11/00 24 0.46 0.06 Y 64.9 0.29 0.03 Y
70% 80%
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Bulk Density Protocol

Purpose

To measure the bulk density of each horizon in
a soil profile

Overview

In the field, students collect three soil samples
from each horizon in a soil profile using a
container with a measured volume. In the
classroom, students weigh the samples, dry them,
and weigh them again to determine their dry mass
and water content. Students then sieve the dry
soil samples and measure the mass and volume
of any rocks and material with dimensions greater
than 2 mm. Students use the Bulk Density Data Sheet
to calculate the soil bulk density for each sample.

Student Outcomes

Students will be able to collect soil samples from
the field and then measure their bulk density.
Students will be able to apply mathematical
formulas to calculate soil bulk density. Students
will be able to relate soil bulk density
measurements to soil particle density and porosity.
Students will understand that a mixture of solid,
liquid and gaseous matter may fill a volume.

Science Concepts

Earth and Space Sciences

Earth materials are solid rocks, water and
gases of the atmosphere.

Soils have properties such as color, texture,
structure, consistence, density, pH,
moisture, and heat that support the
growth of many types of plants.

Soils consist of minerals, organic material,
air, and water.

Water circulates through soil changing its
properties.

Physical Sciences
Objects have observable properties.
Scientific Inquiry Abilities
Identify answerable questions.
Design and conduct an investigation.

Use appropriate mathematics to analyze data.

Develop descriptions and explanations
using evidence.

Communicate procedures and explanations.

Time
2 or 3 (50-minute) class periods

Level
Middle and Secondary

Frequency

Once for a soil profile

Collected and prepared soil samples can be
stored for study and analyses at any time during
the school year.

Materials and Tools
Balance
Metal sampling cans or other containers
Permanent marker
Wood block
Hammer
Nail
Pencil or pen
Trowel, shovel, or other digging device
Drying oven
Graduated cylinder
Water
Sieve
Paper or plate to catch sieved soil
Sealable plastic bags to store samples
Bulk Density Data Sheet

Preparation
Collect required equipment.

Calibrate the balance to 0.1 g.

Determine the mass and volume of each can
without the lid on and mark the value clearly on
the can.

Punch a small hole at the bottom of each can
using a nail and hammer.

Prerequisites
Soil Characterization Protocol
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Bulk Density Protocol —
Introduction

Soil bulk density measures how dense and tightly
packed the soil is. It is determined by measuring
the mass of dry soil in a unit of volume (g/mL or
g/cm?). The bulk density of the soil depends on
the structure (shape) of the soil peds, how tightly
they are packed, the number of spaces (pores),
and the composition of the soil particles. Soils
made of minerals will have a different bulk density
than soils made of organic material. In general,
the bulk density of soils can range from 0.5 g/mL
or less in organic soils with many pore spaces, to
as high as 2.0 g/mL or greater in very compact
mineral hori